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CHAPTER .l 
INTRODUCTION 
Prior to the l ate 1970s , interest rates fluctuated 
in a relatively narrow range . For example , prime rates 
ranged between 6 . 2 5 and 7 . 2 5 percent in 19 7 6 . However ,  in 
198 0 , prime rates ranged between 14 . 00 and 2 1 . 50 percent . 
Economists have identi fied two primary causes to be the 
deregulation of financial markets and macroeconomic pol icy . 
De regu l a t i on o f  f i nanc i a l  market s  a l ong with 
technological innovations brQught financial institutions 
serving rural areas into direct competition with tho�e · in 
urban areas . This  meant a9riculture must now pay market 
rates to compete for funds in credit markets .  The c;iec is ion 
of the Federal Reserve Board in October 19 7 9  to target 
. . . 
monetary aggregates instead .of· ·.interest rates , has made 
rates  more var i ab l e  ( St igum;· 1 9 83 ) . H igh l y  s t imul a t ive 
fiscal pol icy has contributed further to fluctuat ions in 
rates through its e f f ect on in flat ionary e xpecta t i on s  
( Drabenstott and Heffernan , 1984 ) . The result o f  a l l  these 
was a noticeable increase in interest rate volat i l ity . 
Interest rate volatility has become a maj or factor 
in agr i bus ine s s  f i naric i a l  management , and repre s e nts  a 
maj or  budget i ng prob l em ; part icul arly for a g r i cu l tural  
cooperatives .  
AGRICULTURAL COOPERATIVES AND INTEREST � VOLATILITY 
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S ince 19 6 0 , agricultural cooperatives have increased 
their use of borrowed funds . Increased leverage impl ies 
that i nterest rate changes are a more impo rtant 
determinant o f  net profit . Borrowed capital o f  the 100 
l argest cooperatives , as a percent of  total assets is  shown 
in Table 1 . 1 ( Selection of the 100  largest cooperatives is 
based on sal es volume o f  all  cooperatives )  . . The debt-to­
asset ratios have pers istently cl imbed except in 19 8 4 and 
198 5 . S ince 1962 , debt capital has cl imbed from about 2 9. 
percent to 4 3 percent of total assets in 19 83 . The rat io 
dropped in 198 4 and 198 5 to 37 percent , but it increased 
aga in in 19&6 to 38 percent . 
The volatile interest rate environment has caused 
many agricultural cooperatives . to · find it difficuit · to 
forecast the cooperatives ' interest co.sts and net income . 
I nterest rate fluctuations cause uncerta inty about the size 
o f  interest expenses and the impact on net revenue . 
S ince the 19 60 ' s ,  lending · terms_ have also changed 
markedly ( Robinson , 198 1) . Shorter average loan maturities 
and greater use of variable rate instruments together with 
the higher interest.rate levels and costs of  borrowing have 
i ncreased t he i nteres t  rate r i s k  faced by many 
cooperatives . 
The Farm Credit System ' s  Bank for Cooperatives is  
Table 1 . 1 :  1 0 0  Largest Cooperatives ' Borrowed Capital 
Year debt-to-asset ratio 
1 9 6 2  2 9% 
1 9 7 0  39% 
1 9 7 6  4 0% 
1 9 8 0  4 1% 
19 8 1  4 2 %  
198 2  43% 
19 83 43% 
198 4  39 % 
19 8 5  37% 
19 8 6  38 % 
-----------------------------------------------�------�--
Source : Reported in the Farmer Cooperat ives by the United 
States Department of Agriculture Agricultural · 
Cooperative Service , 19 62  ......; 19 87 . 
., 
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the primary lender to agricultural cooperatives . Although 
fixed interest rate loans are ava ilable , the maj ority of  
this loan volume has a variable interest rate structure . 
Thus , increases in interest rates can j eopardize cash flow 
proj ections . 
AN ALTERNATIVE 
Vo l a t i l e  interest rates  c au s e  agr i cu l tura l 
cooperat ive s  to face increa sed  f inanc i a l  r i sk . W i thout 
careful planning of how to manage this financial risk , 
borrowed capital can become - very costly . Also , reduced 
i nterest rate r i �k can s impl i fy cooperat ives d ecis{on 
making in  financing strategies . 
One possible method for reducing the variabil ity of  
cooperatives interest rate expense is  hedging the in�er�st 
rates in the f i na nc i a l  future s  ma rket . · A pumb e r  o f  
researchers have demonstrated that hedging can .remove at 
l east a proportion of this interest rate risk ( Drabenstott 
and Heffernan , 1984 ) .  
HEDGING OF INTEREST RATES 
Freqently hedging is defined as taking a pos it ion in 
the futures m�rket that i s  equal  and opp o s i te to the 
p os i ti on·in the cash ma rket . F inanc i a l  hedg ing s h i fts 
interest rate risk away · from the borrower into another 
. market , whose participants are wil l ing to bear interest 
4 
rate risk . 
The des i re i n  hedg ing a l oan i s  to o f f s e t  the 
opportunity costs resulting from increased interest rates . 
So a position in the futures market must generate revenues 
when i nterest rate s i nc re a s e . Becaus e o f  the i nverse 
re lat i onship between i nterest rates and the p r i ce of 
futures contracts , the hedger must " short" or sel l  the 
futures contract . I f  the interest rate increases on the 
futures contract , the sel ler of the futures contract wi l l  
b e  able t o  buy the contract back at a price. lower than that 
-
at which he sold the contract . As a resulti the change in 
value of the futures contract wil l  be used to offset the 
change in the opportunity costs of the loan . 
Imp l ementat i on o f  a l i ab i l ity hedg i n g  strategy 
impl ies establ ishing a cost of funds . The borrower must· be 
will ing to l ive with its locked in cost of funds once the 
hedge is in place , even i f  actual loan rates decrease . The 
borrower is protected against adverse rate movements ,  but 
he is also prohibited from taking adva�tage of a favorable 
movement . I f  the borrower can forecast interest rates , then 
he is able  to remove part or all  of its hedge when rates 
decrease . 
TYPES OF HEDGES 
There are two bas ic types of hedge·s :  d i rect hedge 
5 
and cross hedge . In a direct hedge , the cash and futures 
instruments are the same . An example of a d i rect hedge 
would be to use the 9 0-day Treasury bill futures instrument 
to hedge the firm ' s investment holdings of 9 0 -day Treasury 
bills . 
In  a cross  hedge , the futures inst rume nt i s  
different from the cash instrument . For example , use the 
9 0-day Treasury bill  futures contract to hedge the firm's 
short-term borrowings tied to the prime interest rate . 
SUCCESS OF HEDGING 
Hedg ing i s  b a s ed on the premi se th at cash and 
futures prices tend to mov� together in roughly a para l lel 
pattern . At any point in time , the difference between the 
cash and futures prices i s  cal led the basis . The bas is is 
measured in terms of basis  points , where each bas is  po int 
equal . 0 1 of  one percent . A movement from a 12 . 5 0 per�ent 
interest rate to 13 . 0 0  percent is  an increase o f  · 50  basis 
points . 
To determine the value of one basis  point for a 
particular contract , first multiply the face value o f  the 
contract by . 00 0 1 , i . e . , one basis point . This product is 
then multipl ied by the number of days to maturity as a 
fraction of a 360-day year . The computation would be the 
fol lowing 
6 
value of a 
= 
bas is point 
face value 
of  the * . 000 1 * days to maturity/3 6 0  
contract 
Unde rstand ing ba s i s  re lationsh i p  i s  the  key to 
successful hedging . For hedging to be successfu l  the bas is 
must be mo re stab l e  or l e s s  r i s ky than inte re st rate 
changes in the cash market by itsel f .  Thi s  can best be 
explained by il lustration . 
Assume an agribus iness firm is abl e  to sel l  the 
December T-bill  contract at 88 . 0 0 or an annual percentage 
d i scount o f  1 2  pe rcent . The current l oa n  ra te i s  13 
percent , and the firm does not initj.ate any transact ion in 
the cash market . The bas is was 100 basis points . The firm 
places this hedge on June 1 ( see Table 1 . 2) .  
At the l i fting of the hedge., the interest rates 
increased in both the futures and cash market by 50' basis 
points .  The bas i s  is  constant at 100  bas is points . I nterest 
rates for the 3 month loan increase from 13 percent to ·13 . 5  
percent . The re i s  a $ 1 , 2 5 0  increase  i n  the cost  o f  
bo rrow ing . Howeve r ,  the T-b i l l  futures contract pr ic e 
dropped from 8 8 . 0 0 to 87 . 50 ,  and results in a ga in of 
$ 1 , 250 .  The gain on the futures exactly offset the increase 
in bo rrowing c o s t  ( Tab l e  1 .  3 )  • Th i s  i s  c o n s idered  a 
perfect hedge . · 
: In the example , the change in bas is  was z ero , and it 
was definitely less risky than the interest rate change in 
7 
Table 1 . 2  : An Example of  How an Agribus iness Firm Can 
U se a Short Hedge . 
Date Cash transaction 
June 1 Plan to borrow $ 1  
mil l ion for 3 months 
on Sept 1 .  current 
rate of interest for 
the l oan i s  1 3 % .  
Initiate no tran­
saction in cash 
market 
Sept 1 $1 mil l ion i s  
borrowed a t  an · 
interest rate of 
1 3 . 5  % 
Loss or 
Gain 
in -so basis pts 
bas is 
pts 
Futures transaction bas is 
Sell 1 Dec 9 0  
day T-bil l @ 8 8 . 00 
for an Annual 
Discount of 1 2 % 
Buy 1 Dec 9 0  days 
T-bil l at 
_ 87 . 50 for an 
Annual Discount o f  
· 1 0 0pts 
1 2 . 5  percent 1 0 0pts 
0 basis 
+50 basis pts. pd ints 
change 
8 
Table 1 . 3  
June 1 -
Sept 1 
Analysis of Hedging Profit or Los s  
An increase in.the cost 
of borrowing money 
( 13 % to 1 3 . 5% )  
Profit in futures 
Market ( 8 8 . 00 to 
87 . 00 )  
Net gain 
$ 1 , 2 50a 
0 
a ( 13 . 5  - 1 3 . 0) /100 * ( 90 days 1 3 60 days ) * $ 1 , 000 , 000 
b 50  bas is points * $ 2 5 . 00 .Per basis po int 
9 
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the cash market itse l f .  As a result , the more stable the 
basis , the more effective the hedge . 
A perfect hedge is n·ot very l ikely to happen in an 
actual situation , especial ly in a cross hedg·e .  The basis 
can change between the placement and l i fting of  the hedge . 
Hedgers el iminate price risk when they buy in the cash 
market and sel l  in the futures market , but· they still 
reta in the basis risk . In order to reduce the bas i s  risk , a 
high correlation between cash and futures instruments is 
desired . I f  the cash and futures instruments move in the 
same direction with roughly -the same magnitude , and · by 
definition , hedging is to take a position in the futures 
market that is oppos ite th• position in the cash market . 
then -part of the l oss  (gain)  in the cash market· can be 
offset by the gain ( loss ) in the futures market . 
In direct hedging , the co�relation of yiel�s i s  very 
close to perfect , because the futures price is  a funct ion 
of the cash price and the yield . curve . When ·the · firm is 
cross hedging , it becomes more compl icated and uncerta in 
because the movement  i n  the cash ins trument d o e s  not 
" drive" the futures instrument price . 
RESEARCH OBJECTIVES 
The· main obj ective of this study is to evaluate the 
feasibility of hedging the · prime interest rate and Bank for 
Cooperat ives seas ona l  rate s with f inanc i a l  futu re s for 
11 
· South Dakota agricultural cooperatives .  
Most agricultural cooperatives borrow mainly from 
commercial banks and the Bank for Cooperatives , and the 
rates depend on the prime rate and Bank for Cooperatives 
seasonal loan rates ( BC rates ) . 
This  study will examine whether a local cooperative 
might use financial futures to hedge these two interest 
rates . Local  cooperatives must identi fy whethe-r hedging is 
feasible for their seasonal loan with the commerc ial bank 
or Bank for Cooperatives . Also , three Bank for Cooperatives· 
s e a s ona l rates w i l l  be examined to  s ee i f · d i f ferences 
exist . They are Omaha , Spokane and St Paul rates . 
In this  study , hedging strategy wil l  be based on· the 
portfol io model which assumes that the hedger des ires to 
minimi z e  the va r i ance o f  the _port f o l io ' s  return s� Th e 
hedger ' s  loan portfol io cons i.sts of  hedged and · unhedged 
pos itions . A risk minimiz ing hedge ratio i s  an �stimated 
coe f fi c i ent  that ind i cates the proport ion o f  the l oan 
portfolio to be  hedged . 
Speci fic Objectives and Hypotheses 
In the analysis of hedging the prime interest rate 
and Bank for Cooperatives seasonal rates , the study had 
three speci fic obj ectives . 
The f i�st obj ect ive wa s to estab l i sh the 
12  
correlat ions between the T-bil l futures contract prices and 
the prime interest rate , and Bank for Cooperatives seasonal 
rates . Three hypotheses were tested under this obj ective : 
( 1 )  the prime interest rate was sign i ficantly correlated 
with T-b i l l  futu re s cont ract prices , (2 )  Bank for 
Cooperatives seasonal rates were signi ficantly correlated 
with T-bill  futures contract prices , and- ( 3 )  the longer the 
hedge the greater were the correlations . 
The second obj ective of this study was to est imate 
the coe f f i c ients ( he dge rat ios ) requ i red t o  imp l ement 
portfol io hedging for the interest rates being studied . Two 
hypotheses were tested : (1) the coeffic ients were s.table 
across time periods of incr�asing , decreas ing ,  and constant 
interest rates , and ( 2 )  the coefficients were the same for 
the prime interest rate and Bank for Cooperatives seasonal 
rates .  
The third and final obj ective of  this  study was to 
establish the costs of hedging va� iable interest rate loans 
and examine whether the hedged pos ition would outperform 
the unhedged position a fter considering the hedging costs . 
ORGANIZATION OF STUDY 
This  thes is has six chapters • . The first chapter 
contains an introduction and the obj ectives to be achieved 
i� the study . Theory o f  portfolio hedging is conta ined in 
_ chapter two . Methodol ogy for each obj ective is presented in 
1 3  
chapter th re e . An ana l ys i s  o f  the c orre l ation between 
interest rates , and the estimation of the portfol io model 
are presented in chapter four . An analysis of hedging costs 
and "net " hedging performance is presented in chapter five . 
I n  chapter s ix ,  the c onclus ions o f  the s tudy and 
recommendations for further research are presented . 
· Hll iON M B� GGS L RARY 
South Dakota State University 
Drnnt,;, n..-. ._ n r:.7nn7 _ 1 noo 
CHAPTER 2 
THEORY OF PORTFOLIO HEQGING 
14 
The purpose of this chapter is to review the theory 
of portfol io hedging and discuss its application to hedging 
with financial futures . The first section of  the. chapter 
reviews the thre e  maj or phi l osophi e s  o f  hedg iJ1g : ( a )  
traditional ,  ( b )  Working ' s  and ( c )  portfol io . The primary 
estima t i on t ec hn ique used in thi s  the s i s i s  b a s ed on 
portfol io theory . The basic portfol io model is  presented in 
the second section of this chapter . The bas ic portfolio 
mode l i s  then mod i f i ed to account f o r  sp�c ial 
cons iderations in hedging a�ministered interest rates . 
A REVIEW OF HEDGING PHILOSOPHIES 
Th ree phi l osoph ie s  of. �edg i n g  · have been 
distinguished in previous studies . The traditional hedging 
philosophy is that the futures market pos ition should be 
equal and oppos ite to the cash posi� ion taken by the hedger 
(Wilson , 198 3 ) . The absolute price level risk is el iminated 
and basis risk is incurred . I f  the bas is does not change 
during · the p e r i od o f  the hedge , then the hedge i s  
classified a s  being a perfect hedge in shi ft ing price risk . 
However ,  -the basis usually changes during a hedge . The 
normal · assumption is that the variance o f  the bas is , a 
. measure o f  risk , is less than the variance of  the cash 
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price change . Consequently , risk is reduced by hedging . The 
hedge ratio , the portion of the cash pos ition which is 
hedged equals  one . 
The second philosophy of hedging is  referred to as 
Working ' s  hypothe s i s  ( Work ing , 1 9 53 ) . It que s t i ons the 
concept o f  the hedger trans ferri ng a l l r i s k . Rather , 
Working suggests that hedgers act more l ike speculators . 
I nstead o f  specu l at i ng on p r i ce change s , . the hedge r 
speculates on bas is changes . I f  the bas is has strong time 
trends , then it is eas ier to forecast bas is changes than­
price level changes . 
The f in a l  hedg ing ph i l os ophy has b e e n  used to 
explain why hedgers do not always hedge · their · entire · cash 
position (Johnson , 19 6 0  and Stein , 19 6 1) .  · The portfol io 
theory o f  hedg ing a s sumes that· the hedge r des i r'e s ·to 
minimize  the variance ·of the . portfol io ' s  returns . Price 
risk is introduced into the model to show the relationship 
between risk and expected returns . The hedger selects the 
portion of the cash pos ition to be hedg�d according to his  
indifference between risk and expected returns . The hedge 
ratios may be greater than , equal to , or less than . one . 
BASIC PORTFOLIO MODEL 
The portfol io  model of hedging was developed by 
�ohnson ( 19 6 0) and later ·revised by Ederington ( 1979 ) . 
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Ederington demonstrated how a risk minimiz ing hedge ratio 
could be derived from the portfol io model . A method for 
measuring the hedging effectiveness was also presented by 
Ederington . 
Hedging U s ing A Singl e Futures Market 
Assume an agribus iness firm has a variable interest 
rate loan . Let R be the variable interest rate charged on 
the loan , and C be the interest cost change . aris ing from 
interest rate change . I f  the interest rate increases , the 
firm has to pay a h igher interest cost result ing in an 
opportunity loss . Without hedging , the expected interest 
cost change and variance ar� :  
E ( C ) = XlE ( Rl , t+n - Rl , t ) 
Var ( C) = x 1
2o 1
2 
where E ( C )  = expected interest cost change . 
( 1 ) 
( 2 ) 
xl = . the s i ze of the . loan in the cash ·market . 
Rl , t+n and R1 t are the expected interest rates f6r the loan in �onth t+n and t 
respectively . 
= the variance of interest rate change in 
the cash market and indicates the risk 
of that market . 
Using T-bil l s  to Hedge 
Assume the f i rm  uses T-bill futures contracts for 
hedging the interest cost of the loan . S ince the firm wants 
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to protect itsel f from an  adverse increase i n  the interest 
rate , the futures market position must generate revenues 
when i nterest rates i ncreas e .  Becaus e o f  the inve rse 
re l at i onsh ip between  i nterest  rates and the pr i c e  o f  
futures contracts , the firm must " short" or sel l the T-hill  
futures contracts . If  interest rates rise , the sel ler wi l l  
be able to buy the contract back at a price l ower than what 
he sold� As a result , the gain in the T-h i l l  futures 
contract can be used to offset the opportunity l oss  in the 
cash market ( loan) . 
T-hill  futures have a discount rate · l inked to the 
price . Because T-b i l l s  are discount debt securities rather 
than. coupon debt securities , they do not earn· a speci fic 
stated i nterest rat e . Rather , the T-b i lls a re p r i ced 
according to a percentage discount · from the face valu� .  �he 
prices of T-b i l l s  are quoted in terms of an index value; 
i . e . , 100 minus the annual ized discount on the T-h i l l . For 
example , a T-bill  that has a 12 . 00 percent discount wi l l  be 
quoted as 88 . 00 .  Therefore , we can use. the interest rate 
changes as opposed t o  price change s i n  the fo liow i ng 
derivations .  
The expected i nterest cost change and va r i a nce 
resulting from a hedged position are : 
E (C) · = X1E ( R1 , t+n - R1 , t) + X 2E (R2 , t+n - R2 , t) (3) 
Var ( C) = xi
2 o1
2 + x2
2 o2
2 + 2x1x2o12  ( 4) 
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where o1
2 is the variance of interest rate change in 
·the cash market . 
o2
2 is  the variance of  interest rate change in 
the futures market . 
o12  is the covariance of interest rate changes 
between the two markets ( cash and futures 
markets )  • It indicates the extent to which 
interest rate changes vary together .  
is the s i z e  of  the position held in cash 
market 
is the s i ze  of the position held  in futures 
market . 
R2 t+n' R2 t are the discount rates for T-bill ' futures contract in month t+n , t 
respectively . 
Equat i ons  3 and 4 represent a typ i ca l  hedg ing 
situation . x1 > o indicates a loan pos ition� and x2 _ < o 
indicates a short futures pos i t i on , s i nce hedg ing i s  
frequently defined a s  taking a position i n  the futures 
market that i s  oppos ite the cash position . So  opportunity 
losses that resulted from an increased interest rate in the 
cash market can be o ffset by the gains in · the · futures 
market . For a hedge to be succesful , a high correlat ion 
between cash and futures rates is reqtiired . I f  the loan 
rate and the T-bil l  rate are positively correl ated ( o12  
pos itive) , then the whole term 2X 1X2o12 wil l  be negative in 
this  case , and variance from equation 4 wil l  have a lower 
value .  In o·ther words , lower risk . The higher the o12 , the 
lower the variance of c. 
S ince the· port fol io theory of hedging assumes that 
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the hedger  des i res to minim i z e  the var i ance  and uses 
variance to measure risk , we would l ike to minimi ze  the 
variance in equation 4. Given x1 , choose x2 , such that 
Var ( C) i s  a min imum . A nece s s a ry, but not su f f i c ient , 
condit ion for the variance of interest cost change to be 
minimized : 
dVar ( C) 
X * 2 
= 
= 
= ------
0 2 2 
(5 )  
Minimiz ing the semivariance may be  des ired -£or the 
adverse interest rate changes . 
, , · 
Let b = -x2 1 x1 represent the hedge ratio which is 
the proportion of the loan ( cash position ) should be short 
hedged in the T-bill  futures market . Then the opt imal hedge 
ratio , b* , is 
= 
0 2 2 ( from equation_ 5 )  
( 6 )  
. * Obviously , b need not be equal to one as presumed 
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in traditional hedging theory . 2 * I f  o12 < o2 , then b < 1 
indicating the optimal hedged position should be less than 
the cash position . 
Using the l oan s ize as numeraire , x1 = 1 .  Then x2 can 
be interpreted as the proportion of the cash pos ition that 
is hedged in the futures market ; i . e . , the hedge ratio , and 
equation 5 becomes 
X * 2 = ---------
0 2 2 
-012 = ---------
02
2 
Obviously , l x2 * 1 = b* if  x1 = 1 .  
( 7 )  
The variance of interest · ·expense in the optimal 
* hedge pos ition can be · derived · · by substituting x2 = -012 
---2-- ( from equation·?) into equation 4 , and assuming x1 
=
0� for s impl icity : 
* Var (C) = 
= 
= 
0 2 
+ 
1 
01 
2 + 
01 
2 
012  
2 2 012 
2 
----- -----
02 
2 02 
2 
012 
2 
02 
2 
where 
2 012
°12 2 = 01 ------- 01 
01020102 
2 2 2 = 01 01 p 
p = 
i s  �S�2correlation coefficient o f  
interest rate changes i n  the 
cash and futures markets . 
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( 8 )  
In an unhedged position , with x1 = 1 and x2 = o ,  the 
variance of interest expense is : 
= 0 2 1 ( 9 )  
* which is greater than Var ( C )  as long . as p · . not equal to 
zero . 
I n  the t rad i t ibnal approach 1 c a s h  a nd· futures 
positions are equal and opposite with x1 = 1 and x2 = -11 
and the variance is : 
( 1 0 )  
* which may or may not be the same as Var ( C )  , the .var iance 
of the optimal hedged pos ition . The size  of the variances 
o f the se a l tein a t iv e  hedged pos it ions i s  an emp i�i ca l  
question largely depending on p I f  P = 
Var (C ) * = o < 61
2 = var1 ( C )  but Var2 ( C ) = ( o1± 
±. 1 1 then 
0 2 1 
0 2 = 2 Var2 ( C ) . 
2 2  
The f i rm can a l so  change the va r i a n c e  of the 
interest expense by changing its cash position ; i . e, the 
size of the l oan . Assume Var ( c ) P is the hedger ' s  preferred 
level o f  risk . I f  Var ( c ) * = Var ( c ) P then the hedger would 
be satisfied with his current cash and futures positions . 
But if  Var { c ) * < Var { c ) P then the hedger could increase 
his cash position and thereby increase the variance of the 
interest expense and still  have an acceptable level of 
risk . 
Measure o f  Hedging E ffectiveness 
A measure of  the effectiveness of  hedging ·can be 
derived from the re l at i onsh ip deve l oped above . I t  is 
defined as  the proportional reduction in the variance of 
changes in the value of  the cash position that comes from 
maintaining the hedge ratio determined above ·rather than 
holding an unhedged position . An empirical measure of the 
ef fe ct ivene s s  o f  a hedge i s  ( as sum i ng x1 
simpl icity ) : 
E = 1 
= 1 
. >
* var { c  
Var1 { C )  
0 2 1 
= 1 for 
= 1 
2 
= p 
where o < E < 1 
2 
( 1 - p ) 
( 1 1 )  
variance o f  interest expense i n  an 
unhedged pos ition . 
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* Var ( C )  = variance of interest expense in a 
hedged position . 
The effectiveness of  the hedge , E , . i s  the squared 
correlat ion coe fficient which , in. a regres s i on context , 
explains how wel l  a model fits the data . A large value of E 
indicates a more e f fe ctive hedge in  t e rms  o f  · r i s k  
reduct ion . Obv i ous l y  from equations 8 and  1 1 , as  the 
correlat ion of  cash and futures rate change increases , ·the 
variance of interest expense of the loan wil l  decrease , and 
hedging effectivness will increase . 
Hedging With More Than One Futures Markets 
The portfol io  model discussed above involves only 
one futures ma rke t . Howeve r ,  it  is pos s ib l e  to spread 
hedges across more than one futures market . In. Wi lson's 
study ( 198 3 ) , an �xpanded portfol io model was presented . He 
found that.the effectiveness of multi futures market hedging 
was equal to or greater than -that of single futures market 
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hedg i ng . R i s k  reduct ion wa s enhanced in many cases  by 
spreading the hedges across two futures markets . However , 
l ittle additional risk reduction stemmed from hedging in a 
third futures market . 
In order to demonstrate the expanded portfol io model 
in this sect ion o f  the chapter , one cash and three futures 
markets are assumed in the portfolio .  The expected interest 
expense change and variance equations are as fol low :  
E ( C) = X1E ( R1 , t+n - Rl , t) + X2E ( R2 , t+n -. R2 , t > + 
Var ( C) 
XJE ( RJ , t+n - R3 , t > � X4E (R4 , t+n - R4 , t) ( 12) 
2 2 2 2 2 2 . 2 2 = x1 o1 + x2 o2 + x3 o3 + x4 o4 +2x1x2o12. + 
2X1X3ol3 + 2X1X4Q14 + 2X2X3o23 + 2X2X4o2 4 
'( 13) 
where X� represents again ·the s i z e  o.f the 
loan in cash market . 
x2 , x3 , x4 represent the size  of  the 
pos it1on 1n each of the futures markets .  
R1 represents the variable interest 
rate charged on the loan in cash market . 
R2 , R3, R4 represent the three interest 
rates 1n each of the futures markets . 
To determ ine  the opt ima l hedge in  each . o f  the 
futures markets ,  the value of x2 , x3 and x4 are found which 
minimize  equation 13 , given x1: 
dVar ( C) 
= 0 
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dVar ( C ) 
= 0 
dVar ( C ) 
= 0 
Setting x1 = 1 , the system of equations is nonhomogeneous 
and a solution to the equation system yields -values for 
x2
* , x3
* , x4
* which
_ 
are the optimal hedge ratios in-each o f  
the futures markets if  IAI not equal t o  zero . -
A = 
0 2 2 
0 2 4 
The r i sk-m i n im i z ing hedg_e · ·rat i o  i n  · one fu ture s 
market between a cash and futures instrument , wa·s shown 
earl ier to equal the ratio of the covariance of the cash 
and futures rates to the variance of the futures rates ; b 
= o12 1 o2
2 . Hill  and Schneeweis ( 19 8 1 ) , as well  as others , 
have proved that the hedge · ratio can be estimated by 
the regress ion coefficient of Y on X ,  where Y is the cash 
rate change and X is the futures · rate change , s ince the 
least-square estimator of the slope b in the model Y ·= a 
+ b x + e i s  preci_sely the cov ( Y ,  X )  1 va r (X) . 
Furthermore , the c oe f f i c ient o f  determ i na t i on ( R2 ) i s  
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equivalent to the measure of hedging effectiveness . For the 
mult i  futures markets case , hedge ratios can be est imated 
by multiple regress ion . 
MODIFIED PORTFOLIO MODEL 
The portfol io model is used in this study to h�dge a 
seasonal loan with an interest rate l inked to either the 
prime interest rate or speci fied Bank for Cooperat ives (BC) 
rates . The financ ial ·futures contract used was the 9 0 -day 
T-bill  futures contract . 
However ,  because the prime rate and Be rates . are · 
adm i n i stered rate s , not market dete rm ined rates , the 
prev i ous l y  dev e l oped port fol i o  mode l s  a re not d i rec t l y  
appl icable . Dahlgran and Jergensen ( 19 8 3 ) found that if  the 
loan was priced at the prime rate , then us ing a short hedge 
to protect aga inst adverse interest rate movement was about 
ha l f  a s  e f f e ct ive for both T -band and T-b ii.l future s 
contracts compared to the loan which was priced from the 
cash commercial paper rates . Dahl gran and Jergensen used 
the basic port fol io approach to examine the feasibil ity of 
hedg ing work i ng c ap ital costs by sma l l  f a rm equ ipment 
dealers . One reason they pointed out was that the prime 
rate was ari . administered rate so there was no perfect 
· reciprocal cash or futures ·instrument which moved directly 
with the prime rate . Since high correlation was important 
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for the hedge to work effectively , they suggested that the 
model needed to be modified for administered rates . 
Al corn a nd Schm ie s ing ( 1 9 8 4) revea l ed a very 
unstab l e  ba s i s  r e l at ionship b etween the T-b i l l future s 
contracts and the Bank for Cooperative ' s  interest rate on 
seasona l ' l oans . They c l a imed that th i s  unstab l e  
relationship was i n  part due to the fact that the BC's rate 
was an administered rate . Funds to make these . loans were 
procured on the money and capital markets by an agent of 
the Farm Credit System . · The interest rates charged on the 
loans were based on a portfol io of securities of differing 
interest rates and maturities , the average cost of the 
funds in  the port f o l io , and the Bank-'s expecta t i on . 
Therefore , changes in market interest rates were not going 
to be immediately reflected in _ a·. changing loan interest 
rate . During periods o f  rising interest rates , the.BC rates 
rose less rapidly and fol lowed the T-bill futures rates . In 
t imes of decreasing interest rates , the BC rates dropped 
more slowly than the T-bill futures rate . Lags existed 
between changes in T-bill futures rates and BC rates . 
It is inappropriate to directly use the portfol io 
approach , which assumes concurrent cash and futures market 
transactions . · The portfol io model needs to be modified to 
accou�t · . f o r· the spec ial  cons iderat ions i n  hedg ing 
administered interest rates . Perhaps the hedging should · 
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incorporate the lag into the hedging activities; i.e., lag 
the T-bill futures rate change using, for example, prime 
rate changes from June 1, 1980, to Sept 1, 1980. Concurrent 
futures market transaction starts at June 1, 1980, and ends 
at Sept 1, 1980, but for the 1 month lead hedge, futures 
transaction starts at May 1, 1980, and ends at Aug 1, 1980. 
Since Wilson's study showed that multifutures market 
hedging was more effective· than single futures· market 
hedging, the adjusted portfolio model is very similar to 
Wilson's expanded portfolio model described earlier. 
Instead of spreading the hedges across different futures 
markets, hedges will be spread across different .time 
periods. The purpose of spr�ading hedges is to reduce risk 
further. Assume we incorporate 1 month, 2 month and .. 3· month 
lags into the portfolio model. The expected interest 
expense and variance are as follows: 
E(C) = X1E(Rl,t+n - Rl,t) + X2E(R2,t+n - R2,t). + 
X3E(R2,t+n-1 - R2,t-1> + X4E(R2,t+n-2 - R2,t-2> + 
XsE(R2,t+n-3 - R2,t-3) (1
4) 
var(C) = x1
2o1
2 + x2
2o2
2 + x32o32 + x42o42 + Xs
2os
2 + 
2x1x2o12 + 2X1x3o13 + 2X1x4o14 + 2x1x5o15 + 
2X2X3o23· + 2X2X4o24 + 2X2X5o25 + 2X3X4o34 + 
where 
2X3x5o35 + 2X4X5o45 (15) 
X · represents the size of the loan in 
tfie cash position. 
x2, x3, X�, x5 represent the size of the posit�on field in T-bill futures market at 
different time periods. 
R is the variable interest rate charged on 
tfie loan. 
R2 is the T-bill futures rate. 
LIMITATIONS AND CONSIDERATIONS OF PORTFOLIO MODEL 
29 
There are some limitations and considerations in 
using portfolio hedging. A basic assumption underlying this 
approach is that the historical correlations have 
implications for future correlations. 
One problem with using the portfolio model over long 
periods of time, is the underlying assumption that the 
optimal hedge ratio is stable over the whole sample period. 
In fact, it may be unstable. Grammatikos and S aunders 
(1983) had proved that instability might occur �n hedge 
ratios. They examined the stability and the hedging 
performance of foreign currency futures by using· three 
econometric approaches. The three approach es were 
"overlapping" regressions procedure, Gujarati approach and 
random coefficients model (RCM) . They concluded that the 
hedge ratios in two of the four currencies studied were not 
stable. 
Another consideration of using the portfolio 
approach·is the need to select the correct prices for the 
model. For example, Ederington's study included an 
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incorrect conclusion about ·the effectiveness of T-bil l 
futures due to an error in his data. Ederington found that 
GNMA futures were more effective than T-bill futures in 
reducing price change risk. T- bill futures performed 
extremely p oo rly in the short-t erm hedges. However, 
Franckle ( 19 8 0 ) , and Cicchetti, Dale and Vignola ( 1 981) 
pointed out that the ineffectiveness of T-bill futures was 
due to a mispecification of the model. Ederington used 
weekly average T-bill prices and ignored the fact that over 
the hedge period, the term to maturity of any T-bills held 
declined . All these had caused the conclusion of th� 
ineffectiveness of T-bills. After Franckle adjusted the 
hedge ratio for maturity, T-bill futures performed much 
better. 
Rather than using price changes as Ederington 
suggested, Cicchetti, Dale and Vignola used interest rate 
changes to estimate hedging effectiveness to take into 
account the constant yield accumulation of the price of a 
Treasury bill . Again, they came out with the same 
conclusion as Franckle; the T-bill futures market was more 
effective than Ederington had found. 
The portfolio approach does not include ·margin and 
transaction cost considerations. Futures contracts de�and 
that daily gains or losses in the futures market be 
reflected in th�. daily balance of the hedger's marg in 
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account. When futures losses occur early in t he hedg e 
period, the cost of additional margin deposits over the 
period of the hedge are analogous to prepayment of interest 
and can substantially affect the actual inter�st costs of 
the loan. 
SUMMARY 
This chapter first reviewed the basic theory of 
portfolio hedging. A method for measuring hedge ratio and 
hedging effectiveness were presented for· both single and 
multi futures markets. The portfolio model could be 
estimated by a regression model. 
Dahl gran and Jergensen, and Alcorn and Schmiesing 
showed that the basic portfolio model was not directly 
applicable for hedging prime and BC interest rates, bec�us� 
these two interest rates were· administered ·rates. Lags 
existed between changes in administered rates and T-bill 
futures rates. The portfolio model was modified to account 
for special considerations in hedging administered interest 
rates. It was expanded so that hedges were spread across 
different time periods. 
The methodolog y for each thesis objective is 
analyzed in the next chapter. 
CHAPTER d 
METHODOLOGY 
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A cooperative manager wishing to hedge the interest 
rate on a seasonal loan must use a cross hedge. None of the 
interest rate futures contracts traded at the futures 
. market exchanges have an interest rate based on Bank for 
Cooperatives (BCs) or prime rates. A futures instrument of 
similar maturity and interest rate would provide the most 
effective ·contract for hedging. In other words, the ability 
to hedge perfectly is a function of the substitutability 
relation between the intruments. This would suggest the .use 
of the 90 day Treasury bill f�tures contract . 
. Information on data collection and the methodology 
of analysis for each objective are · presen.ted in this 
chapter which has three maj o.r · s ections. P r esented i n  
section one is the methodology used to determine the 
statistical relationships between the T-bill fu·tures rate 
and the prime interest rate, and BC's rates. Data 
collection procedures used are also discu�sed. Section two 
contains the empirical procedures used to estimate the 
coefficients required to implement a portfolio approach . 
Described in the fina 1 section is the method used to 
establish hedging costs and measures of " net " hedging 
performance. 
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DETERMINING THE CORRELATI ON BETWEEN INTERE ST RATES 
The first objective of this study was to determine 
the relationships betw�en the T-bill fu�ures and the prime 
interest rates, and B C  rates. The portfolio model provided 
a conceptual model for the analysis associated with this 
objective. The portfolio model is dependent upon the 
correlation between the cash market and futures market. 
Based on the portfolio approach, the correlation 
between cash and futures rates is crucial to determining 
whether an interest rate can be hedged successfully. The 
greater the correlation between cash and futures rates, the 
more effective the hedge is. By definition, hedging is t o  
take a position in the futures market that is opposite the 
position in the cash market. If the cash and fu tures 
instruments are highly positively . correlated, -th.en part o·f 
the loss (gain) in the cash market can be offset · by the 
gain (loss) in the futures market. 
Theoretical portfolio theory has proven that the 
minimum variance portfolio can be identi�ied as the slope 
coefficient in a regression model. The dependent variable 
in the model is the change in interest rates in the cash 
market, and the independent variable is the change . in the 
futures rates. 
6 cash ratet = a + · b1 ( 6 futures ratest > + e 
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The slope coefficient (b1) and the coefficent of 
determination (R2) are equivalent to the optimal hedge 
ratio and measure of hedging effectiveness, respectively. 
As a result, through the regression analysis the 
relationships between the T-bill futures and the prime 
interest rates, and B C  rates were estimated. 
Administered Interest Rates 
Because the prime rate and BC rates are administered 
rates based on the specific lender portfo1ios (see chapter 
2) .  These interest rates are a_ function of past interest 
rates not just current market interest rates. The portfol i o  
model was modified t o  incorpo�ate this characteristic. 
· The modified portfolio incorporated a time lag · into 
the hedging activities. For example, if the 1 month lag _ was 
incorporated , the regression model : 
� cash ratet = a + b1( � futures ratet> 
+ b2( � futures ratet_1) + e 
Hedges were spread across two different· time periods in 
this case. 
For example, consider the case of hedg i ng the 
interest rate changes ( �  cash ratet) between June 1, 1985, 
to Sept _ _  1,· · 1985. b1 represents the portion of the cash 
position hedged with T-bill· futures contract price changes 
( � futures ratet l between June 1, 1985, to Sept 1, 19 85. 
This is a concurrent hedge. b2 represents the portion of 
the cash position hedged with T-bill futures contract 
price changes ( � futures ratet_1) between May 1, 1985, to 
Aug 1, 198 5. This is one month lead hedge. 
Application 
In this study it was assumed that an agricultural 
cooperative was going to borrow a seasonal loan of 
$1, 000 , 0 0 0  in the future for a three month period . The 
cooperative faced a risk that the interest rate w ould 
increase. The seasonal loan which had a variable interest 
rate was assumed to be priced either at the prime rate or a 
specified Bank for Cooperatives rate . Three BC · rates were 
examined; Omaha, Spokane, and St Paul. 
Optimal hedge ratios and - measures of hed'ging 
effectiveness were derived for hedges of three different 
lengths: 1 month, 3 months and 6 months . Length is the t ime 
period between the lifting and placement of hedge in the 
cash market. As for leads in the hedges, _ 1 month, 2 months 
and 3 months were incorporated into the regression model . 
Having different lengths of hedges, the hypothesis 
that E (hedging effectiveness) was higher for longer term 
hedges than shorter term hedges (Ederington, 1979) · was 
tested. The logic of this hypothesis is that futures prices 
in · longer term· hedges would have time to respond t o  
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potentially greater changes in cash prices. Also , a higher 
proportion of interest rate changes is incorporated in the 
actual changes of administered rates. 
Data Collection 
Data required for the study were the settle .prices 
for the T-bill futures contracts and the specified 
. administered interest rates (prime rate , Omaha , Spokane and 
St. Paul rates) . The T-bill futures settle prices were 
collected from the Inte rnational Mon e tary Market 
Statistical Yearbooks. The prime rates were collected from 
the Federal Reserve Bulletin. The three BC rates; Omaha , 
Spokane and St. Paul season�! rates were collected from 
their Banks for Cooperatives. The time period to be studied 
was January 1 9 8 0  through December 19 8 6 . · 
The T-bill futures contracts used to· he�ge were 
those futures contracts closest to the delivery mon�h at 
the lifting of the he dge. Only the closing · or s e ttle 
discount was used. T -bill futures rates use d  in th e 
analysis were the average of the month � Monthly average 
data for the prime , Omaha , Spokane, and St. Paul were 
calculated. Differenced monthly average rates of 1 , 3 and 6 
months were created for each of the four spot price s 
(prime ,  Omaha , Spokane , St.Paul) , and the T-bill futures 
contract · prices. All together there were 84 observations 
before leads were - incorporated into the analysis. 
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Models Estimated 
The portfolio, or regression, model was expanded to 
incorporate 1 month, 2 month and 3 month lags. The 
following regression models were estimated us i ng 
differenced monthly average data 
6 PRIMEt = a + b1 ( 6 TBILLt_) + e 
6 PRIMEt = a + b1 ( 6 TBILLt_) + b2 ( 6 TBIL4__1) + e 
� PRIMEt = a + b1 ( 6 TBILLt_) + b2( 6 TBIL4__1) + 
b3 ( 6 TBIL4__2) f: e 
6 PRIMEt = a + b1 ( 6 TBILLt_ } + b2 ( 6 TBIL4. _1) + 
b3 ( 6 TBILLt-2) + b4 ( � TBIL4.-J ) + e 
where 6 = 1, 3 and 6 months hedge length. 
The above procedure was ·re�¢ated for Omaha, Spokane 
and st. Paul BC rates as the cash rates. Twelve regre�sions 
were estimated for each cash rate. The analys is was e x  post 
since historical data were used to calculate the hedging 
parameter. 
F TEST ON RESTRICTED MODEL 
F tests on . restricted versus unrestricted models 
were conducted to determine which model was the " desired " 
model for hedging the prime· interest rate and BC rates. I n  
other words, a F t e st was used t o  determine whether 
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specified 
different 
regression coefficients were significantl y 
than z ero. I f  the coefficients o f  some 
independent variables were not significantly different than 
zero, then these variables explained little or none of the 
variation in the dependent variable. 
Four regression models were developed earlier 
Model 1 
Model 2 
Model 3 
Model 4 
6 cash ratet = a + b1( 6  futures ratet> + e 
6 cash ratet = a + b1( 6 futures ratet> 
+ b2( 6 futures ratet_1) + · e  
6 cash ratet = a + b1. ( 6 futures ratet> 
+ b2( 6  futures ratet_1) 
+ b3( 6 futures ratet_2) + e 
6 cash ratet = a +  b1( 6  futures ratet) 
+ b2( 6  futures ratet_ 1) 
+ b3(·� . futures ratet_2 ) 
+ e 
Let model 4 be the unrestricted model and models 1 ,  
2 and 3 restricted : 
Model 1 
-Model 2 
Model 3 
restrict b2 = 
restrict b3 = 
restrict b4 = 0 
= = 0 
= 
A ·null · . hypothesis that a subset of a l l  the 
regression coefficients was equal to zero was tested. F 
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test  procedu re o n  restr i cted mode l wa s mode l 4 
( unrestricted model ) was estimated and the residual sum 
of squares ( ESSUR) was calculated . Model 1 ( restricted 
model ) was estimated and the residual sum of  squares ( ESSR) 
was calculated . Test statistic was computed 
( ESSR - ESSUR) / q 
Fq , n-k -- - -------- -- -- - - --- -
( ESSuR> 1 ( n  - k)  
= 
where n : number of  observations 
k number of parameters 
q : number of restricted coe fficients . 
I f  the test statistic was less than the crit ical 
value then b2 = b3 = b4 = o , . and model 1 was the " desired " 
model . · I f  the test statistic was greater than the c�itical 
value , then b2 , b3 , and b4 were not all  equal zero . Model 
2 was then assumed to be the restricted model � an� another 
test statistic computed , and a decision made whether model 
2 was the "des i red" model , and so on . 
ESTIMATING THE COEFFICIENTS 
The second obj ective of the study was to estimate 
the coe f f ic ients  re qu i red to imp l ement a port f o l i o  
approach , t o  determine the stabil ity . of the regress ion 
coefficients � and whether the coefficients were the same 
for prime and BC interest rates . 
Th i s  sectlo n . i s  d iv ided into two p a rts . Th e 
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empirical procedures conta ined in the first part were used 
t o  d eterm i ne the s t ab i l i ty _ of the coe f f i c i e nt s  a c ros s 
periods of  increasing , decreasing or constant rates . 
The second part contains procedures which were used 
to determine whether the coefficients were the same for the 
prime rate and BC rates . 
Determining the Stabil ity of  the Coefficients 
One bas ic assumption underlying portfol io approach 
is that the historical correlations have impl ications for 
futu re corre l at ions . However , impos i ng the a p r i o r i  
restriction that regression coefficients are stable over 
t ime , . when in fact  they may be unstab l e , could 
s ign i ficantly bias the estimation of the optimal hedge 
rati6 and therefore the measure of · h�dging e f fect iveness .  
Such = misspecification may wel l  . result in costly ·hedging 
decis ions by market participants . 
To measure the coefficients ' stabil ity across time 
periOdS Of increasing 1 decreasing Or COnStant rateS I the 
overlapping regress ions approach (Grammatikes and S aunders , 
1 9 8 3 ) wa s used to  ga i n  some ins ights into the t ime 
var i ab i l ity of hedge rat ios  and · measures o f  hedg ing 
effectiveness .  
For the overlapping regressions approach , the hedge 
ratios initial ly -were estimated for a two year period , Jan . 
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1980  through Dec . 1981 ,  and then reestimated every quarter 
by adding new spot and futures data , and deleting the 
initial quarter 1 s data , keeping a two year est imation 
period . The t ime period to be examined was . from Janua ry 
198 0  to December 1986 . Using this  procedure a moving hedge 
ratio was derived for each quarter .  I f  the moving . hedge 
ratios appear to be insigni ficantly di fferent than the OLS 
hedge ratio , then the hedge ratios were stabl e over the 
entire sample period . 
Determining the S ignificant Difference in Hedge Rat io · 
between Prime and BC rates 
To determine whether the agricultural cooperatives 
reacted s imi larly to the effects of hedging prime and ·sc 
interest rates , a Chow test ( Pindyck & Rubinfeld , 19 81) was 
conducted to test whether s igni f�cant d i fferences existed 
in the coef fic ients between prime rate and BC rates � · 
However , i f  a F test on restricted model concluded 
that prime and BC rates had d i f ferent regress ion model 
structures ; i . e . , d i f f erent s i gn i f ic�nt  i ndependent 
variables , then we could conclude that the coeffic ients 
could not be the same for prime and BC rates without 
estimating the Chow test � 
I f  prime and BC regression models  conta ined the same 
signi ficant independent variables , · then a Chow test was 
appl ied to determine whether the regress ion model could be 
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appl ied to  two or  more different data sets . 
For the Chow test procedure , first regress ions were 
est imated for each prime ( N 1 obse rvat i o n s ) ,  Omaha - ( N 2 
observations ) ,  Spokane (N3 observations ) and st·. Paul rates 
(N4 observations ) to be used for the unconstrained model s .  
The sum o f  squared errors Ess 1 , Ess2 , ESS 3 and ESS.4 were 
then calculated from the four equations . The . sum of these 
four E S S  was the unrestr icted res idua l sum of squa re s 
( ESSUR) .  Observations from the prime rate , Omaha , Spokane 
and st . Pau l  rat e s  we re comb i ned into one  s e r i e s  and 
regres sed to  determine th� c onstra i ned mode l . Th e 
restricted res idual sum of squares ( ESSR ) was calculated 
from this equation . The nul l . hypothesis was that there was 
not a s ign i ficant change in the coe fficients betweeh prime 
and BC rates . The F value was computed . 
Fk , Nl+N2+N3+N4 -4k = 
ESSUR / (Nl + N2 + N3  + N4 -
·
4k )  
If  the computed F value was less than the critica l 
value , it was concluded that the coefficients were equal . 
Otherwise , the coefficients were not equal . 
ESTABLISH HEDGING COSTS AND MEASURES OF "NET" 
. HEDGING PERFORMANCE 
The third and final obj ective of the study was to 
establ ish · the costs of hedging variable interest loans and 
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examine whether the hedged pos ition would outperform the 
unhedged pos it ion a fter considering the hedging costs . 
This section i s  d ivided · into three parts . Part one 
presents some of the pertinent information rel evant to 
financing the hedging program . Presented in part two is a 
method for measuring the " net " performance of  hedging . . The 
outl ine of . the Pascal program is presented in part three . 
Hedging Costs 
The actual costs o f  futures partic ipation are the 
oppo rtun ity cost o f  fo regone interest on the m a rg i n · 
depos it , and commiss ion expenses . 
Fi nanc i a l  futu re s con�racts requ i re a ma rg i n  
depos it . · The futures contract i s  marked to market at . the 
end of each day . For a short futures · pos ition , i f  the · 
futures price rises , the margin . account wi l l  decl ine in 
value by a l ike amount . The variabil ity of  the margin  
account ba lance is due to the fluctuation in the �rice o f  
the futures contract . . The hedger can withdraw any excess 
profit from the margin account . If the hedger ' s  loss on the 
cont ract makes the ma rg i n  fa l l  be l ow the m a rg i n  
requirement , then he wil l  receive a margin call , that "i s he 
must deposit the d i f ference . 
Firms are concerned about this margin account and 
any margin calls , because a substantial credit reserve or 
l ine of credit may be needed to operate a hedging program . 
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Furthermore , there i s  an opportun ity c o s t  o f  f o r egone 
interest on the margin depo_sit . There are also commiss ion 
fees . As a result ,  margin interest expenses and commission 
expenses were estimated . The time period to be studied was 
from January 198 0  to December 19 86 . Hedge lengths were 1 
month , 3 months and 6 months . 
Two s et s  o f  h edg ing strategy were exam i ned , a 
hedging strategy that did not include a lag and a hedging 
s t rategy that i nc l uded a 1 month l ag . M a rg i n  i nterest 
expenses and commiss ion - expenses were estimated according 
to the number of  futures contracts held in each of  these 
two hedging strategies . 
Strategies that included 2 month and 3 · month lags 
were not examined because the number of c_ontracts held 
would increase and might result in larger margin interest 
expenses and commission ·fees . 
The number of  contracts held in each o f  the hedging 
strategies was computed by dividing the futures pos ition 
derived from OLS regressions by the s i z e  o f  the futures 
contract . One futures position was derived from the no lead 
hedging strategy , two futures positions at d i f fer�nt time 
periods were d e r ived f rom the hedg i ng s trategy tha t 
included 1 month la_g ,  three futures positions at d i f ferent 
time periods · were derived from the hedging strategy that 
included 1 month and 2 month lags , and so on . . Obviously , 
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the number o f  contracts held increa sed a s  t ime  l a g  
increased . 
The futures contracts were a .fixed s i ze , there fore , 
it was necessary to round the futures pos ition s i ze  so  that 
an integer number of contracts could be used . The T-bill  
futures contracts from the International Monetary Market 
had a face value of $ 1 . o mill ion and the Mid-American 
Commodity Exchange had T-bill  futures contracts with only 
$ 5 0 0 , 0 0 0  face value . 
Measures of "Net" Hedging Performance 
The pe rformance o f  the two hedg ing strateg i e s  
described above was examined · a fter considering �he hedging 
costs and compared with an unhedged strategy . The costs of  
additional margin deposits and commiss ion fees ove r . the 
hedge period may actual!� affect the hedging performance . 
Empirical results were reported and examined for 
these two strategies to determine which strategy provided 
the best overal l  performance . 
It was assumed that a local cooperative planned to 
borrow $ 1 . 0  mi l l ion dol lars for a three month period in the 
near future . Three different hedge lengths were examined , 1 
month , 3 months �nd 6 months . The cooperat ive faced a price 
risk that the _ interest rate would increase . The add itional 
interest charges due to the increase in the interest rate , 
were opportunity costs that the cooperative des ired to 
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hedge . 
S ince risk was measured as the standard deviation of 
the l oan cost , two measures were used to analyze the "net " 
performance of our two sets of hedging strategies compared 
to an unhedged strategy : average effective change in the 
c o s t  o f  the l oan and the standa rd dev ia t i on o f  th ese  
changes for the two sets o f  hedging strategies as compared 
to a no-hedge strategy . 
Over any hedge length , 1 ,  3 ,  or 6 month hedge , the 
" net" change in the e ffective cost of the loan for an 
unhedged pos ition , a hedged pos ition without l ag , and a 
hedged pos ition that included a 1 month lag were g iven 
respectively , by 
U = ( S 2  - S l ) * principal amount of  the loan * ( 9 0  
days 1 3 6 0 days ) 
H = U - revenue from hedging ( no lag ) + loss from 
hedging ( no lag )  + commission expenses + interest 
expenses - interest earnings 
H* = U - revenue from hedging ( 1 month lag )  + l oss  
where 
from hedging ( 1  month lag )  + commission expenses 
+ interest expenses - interest earnings 
S 1  and S2 were the monthly average interest 
rates for the loan , at the placement and l i ft ing 
of the hedge , respectively � 
U was the ·change in the loan costs resulting from a 
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change in the loan interest rate . Once the opt imal cash to· 
futures position was determined , revenues or losses from 
the two hedging strategies could be calcul ated , and were 
used to offset the changes in the loan costs . Estimated 
margin interest expensesjearnings and commission expenses 
requ i red to f i na nce  these  two strateg i e s  were a l s o  
incorporated . 
The unhedged and hedged loan cost d i f fe rentials  (U , 
* H and H ) were then average over the entire sample period 
for each hedge length , U ;  H ,  H* . The standard deviation for 
* these differentials were calculated , SDU , SDH �  S OH . 
A Pascal program was written to accompl i sh this  
obj ective . 
Outline of  the Program 
An out l ine o f  the program i s  conta i ne d
-
� n  th i s  
s ect ion . A f l owchart · o f  the Pa scal p rogram h a s  been 
deve l oped and i s  pres ented i n  Fig . 3 .  1 . The c ompl ete 
program is presented in Appendix · B .  The program was run on 
SDSU mainframe ; MUSIC system . Because of the large data set 
involved , data was read from the tape . 
In the program , init ially the number o f  · lots· hedged 
wa s comput ed over . the samp l e  pe r i od Jan . 1 9 8 0  through 
Dec . 19 8 6 �  Hed�e length� were 1 ,  3 and 6 months . 
In order ·to report the "net" performance o f  a hedged 
F i gure 3 . 1 FlowChart of  the Pas cal Program . 
Read Hedge- Length 
Read Lag 
Read I Contract , b 1 , b z  
Read Amount 
Read Conm- Rate 
Read CM , tvt-1  
Read Int - Rate Earned on 
Excess  Margin Account 
ead Cash Rates into 
Array 
Read Prime Rates into 
Array 
Read T- b i l l  Settl� Prices 
into Arrav 
Calculate � Hedge 
, . Hedge • • �bnth - Hedge- Length 
Calculate Commiss ion Expense 
Commis s ion nse • Corrm- Rate * � Contracts 
CalcUlate Total Commiss ion 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - -
Total - Comm • Commiss ion Expense * * Hedge 
Total- Interest • 0 
Tota l - Cos t" • 0 
Total - Int - Earn • 0 
Totaf- U  • 0 
To tal - H,_ *  0 
Total - H  • 0 
�fax- Depos i t  = . OM 
. Max - Wd a 0 
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f i gure 3 . 1  f lov.·C'1:l':"� o r  the Pasca l Pro grarn ( cont inue ) . 
---------�- � - - - - - - - -1 Fo r i • 1 to • Hedge do 
Se l ec t  the App ropriate Contract & Calculate the 
Da i ly Change in T - b i l l  Settle Pr ices 
Equi ty = OM 
To ta l - I nves t = OM 
\urn- Ca l l  = 0 
Interes t E�ense = 0 
Interes t E arn = 0 
I Calculate Intere s t  Expense & Interes t Earn on �targin Account 
Calcul ate the E f fect ive Change in Loan Cos t  
Without Hedge ( U) 
� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
0 • (52 - 51 )  * .�ount * ( 90 days/ 360 iays ) 
Calculate the Effective Change in Loan Co st 
Wi th He.dge That Did �ot Include Lag (H)  & Hedge 
That Inc luded 1 �nth Lag (H* ) . 
� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
H ,  H* • U - Revenue from Hedg ing + Loss from 
Hedg ing + Commis s ion Expens·e + Int;eres t 
Expense - Interes t Earn 
I 
Total - Interes t = Total - Interes t + I nteres t Expense 
Total - Cost . = Tota l - Cos t + I nteres t Expense + 
Commi s s ion Expense 
Total - Int - Earn • Total - Int - Earn + I nteres t Earn 
Total - U  = Total - U · + U 
Total - H = To tal - H  + H 
Total - H*= To ta l - H* + H* 
' 
Cal culate ��rg in Cal l Di s tribut ion l 
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F ig�re 3 . 1 F lo�{hart o f  the Pas ca l Program ( cont inue ) . 
y 
' Ca lcula te the Average o f  · I 
Inte res t E.-q>ens e  
I nteres t Earn 
u 
H -
H* 
Cal culate the S t andard Deviation· . 
o f :  
Interes t Expense 
I ntere s t . Earn 
u 
H* 
H 
I '  
. i 
/Print the Results j . 
I 
I ( Stop ) 
so 
Figure 3 . 1  FlowChart o f  the Pascal Program (cont inue ) . 
Calculate Intere s t  Expense & Interest Earn 
on Mirg1n Account 
For i = Firs t Day of Hedge to Last Day of  Hedge do 
y 
I Equity = Equity + abs (Change)f - !Equity = Equity ;.. Change 
·--�------�' . 
y 
Deposit = � - Equity 
To tal - Invest = Total­
Invest + Depos it 
Equity = OM 
�urn- Call = Num-Cal l + 1 
WD = Equity - OM 
Total- Inves t = Total­
Invest - WD 
Equity = OM 
I 
. I 
l 
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Figure 3 . • 1 FlowChart of the Pascal Program (cont inue) . 
y 
Opp- Gost = To�l - Inves t * 
Pr�e Rate * ( 1/365) 
Interest Expense • Interest 
Expense + Opp- Cost 
y 
Max- Depos it I =Total- Invest 
t 
! 
y 
Earn • . abs (Total - Invest) * 
Int- Rate * ( 1/ 365) 
Interest -Earn • Interes t 
Earn + Earn 
I Max - WD  .· . • a�s (Total - Invest) 
52 
5 3  
Tabl e  3 . 1 : Des cript i on o f  The Var iabl e s  U s ed in The 
Computer Model . 
Variable Name 
Hedge_Length 
Lag 
# Contracts 
b 1  
b 2  
Amount 
Comm Rate 
OM 
MM 
# Hedge 
# Months 
Max-Depos it 
Max-Wd 
Equity 
Total-Invest 
Num-Call 
Interest Expense 
Description 
Hedge length in month . 
Lag period in month . 
Total number of  contracts held 
in · one complete hedge . 
No lead hedge ratio . 
1 month lead hedge ratio . 
S i ze of the l oan .· 
Commiss ion rate which was 
�et to $ 6 0  per round-trip . 
Original margin depos it � · 
Maintenance margin level . 
Number of  lots hedged _ over 
the _entire sample period 
198 0 - 19 8 6 . 
Number . of  months over the 
sample period . 
Maximum depof? it . 
Maximum withdraw . 
Margin account balance • . 
Total amount invested in 
margin account . 
Number of margin cal l s . 
Margin interest expense 
for one complete hedge . 
Tabl e  3 . 1 : Descr ipt i on o f  The Va r iabl e s  Used i n  Th e 
Computer Model { continuation ) . 
Variable Name 
Interest Earn 
Commission Expense 
u 
H 
Total -Comm 
Total-Interest 
Total-Cost 
Total-Int-Earn 
Total-U 
Total-H 
Description 
Margin interest earn ings for 
one complete hedge . 
Commission expense for one 
complete hedge . 
Effective change in the 
loan cost without . hedging . 
E ffective change in the 
loan cost with hedging 
strategy that did not 
include lag . 
E ffective change in the 
l oan cost with hedging 
that included 1 month lag . 
Total commission expen-ses 
over the entire ·. sample 
period . 
· 
T·otal margin int·erest 
expense over the ent-ire 
sample period . 
Total hedging costs of 
margin interest expense 
and commission expense . 
Total interest earnings over 
the entire sample period . 
Total effective chang� in 
loan cost without hedge . . 
Total effective change in  
the loan cost with hedge ' 
strategy that did not 
include lag . 
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T ab l e  3 . 1 : Descr ipt i on o f  The Var iabl e s  Us ed i n  Th e 
Computer Model ( continuation) . 
Variable Name 
* Total-H 
S l , 52 
Deposit 
WD 
Opp-Cost 
Earn 
Int-Rate 
Description 
Total effective change in 
the loan cost with hedge 
strategy that included 1 
month lag . 
Interest rates charged on 
the loan at the pl acement 
and the l i ft ing of the 
hedge , respect ively . 
Deposit amount . 
Withdraw amount . 
Opportunity cost on the 
margin depos it ( da i ly )  . 
Interest earned ofi exce s s  
funds (daily) . 
Interest rate earned on 
excess ·margin account . 
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position in relation to an unhedged pos ition , first the 
comm i s s ion  expen s e s  and interest expen s e sj ea rn i ngs on 
margin account were estimated . The commiss ion rate was 
assumed to be $60  per round-trip . Commiss ion expenses for 
one comp l ete hedge was cal culated by mul t i p l y i ng the 
comm i s s i on rate w i th the number of contracts  he l d  pe r 
hedge . Tota l comm i s s i on over the ent i re s amp l e  .per iod 
equa led comm i s s i o n  e xpenses  t imes the numb e r  o f  l ot s  
hedged . 
The appropriate contract to hedge was selected . The 
T-bill  futures contracts used �o hedge were those futures 
contracts closest to the del ivery month at the l i fting of 
the hedge . 
Da i l y cha nges i n  the T-b i l l  s ett l e  pr i c e s · were 
calculated in order to compute the margin interest exp�ns�s 
and margin interest earnings . The original margi� depos it 
and the maintenance margin level were set to $ 2 , o o o  and 
$ 1 , 600 , respectively . I f  the T-bill price increased , the 
margin account ( equity ) decl ined in value by a l ike amount , 
and vice versa . Margin calls  were only made when the margin 
account fel l  below the maintenance level . Depos its were 
made to make up the difference . I f  the margin account 
balance was above the original margin deposit level , then 
the hedger · co_
uld withdraw the excess funds . 
Interest was charged daily on all required margin 
deposits and earned .daily on any excess funds . The prime 
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rate was used to calculated the margin interest expenses .  
Interest earned was set to 5%  . • Total , average and standard 
deviation of these expenses were computed . 
I n  order to  d etermine the s i z e  o f  the re serve 
capita l needed to  ope rate a hedg i ng program , ma x imum 
drawdown I withdraw was estimated . Maximum drawdown was the 
maximum amount deposited in the margin account and maximum 
withdraw was the maximum amount withdraw from · the margin 
account . 
The average effective change in the cost of  the loan 
and the standard deviation of these changes were used . to. 
measure the " net " hedging performance . "Net " change in the 
effective cost of the loan for an unhedged pos ition ( U ) , · a 
hedged position that did not include lag ( H )  and a hedged 
* ' position that included 1 month lag. ( H  ) were calculated . 
The unhedged and h�dged loan cost di f ferential s  ( U , H  
and H* ) were then averaged over the ent ire sample period 
for each hedge length , U , H ,  Standard deviation for 
these differentials were calculated , sou ,  S OH ,  s oH* . 
CONCLUSIONS 
A modified portfolio model was used to determine the 
correl at ions  between the T-b i l l futures and the prime 
rates , and BC rates . One , three and six month hedge l engths 
were examined . The portfol io model was expanded to include 
58 
1 month , 2 month and 3 month lag s .  
An ove rl a pp i ng regress ions approach wa s used  to 
determine the stabil ity of the hedge ratios . A Chow test 
was conducted to determine whether the coe f ficients were 
the same for the prime interest rate and BC rates . 
A Pascal program was developed for analyz ing the 
hedging costs and " net" hedging performance .  
The empirical results for the OLS regress ion , F test 
on restricted model , overlapping regressions and Chow test 
are ·presented in the next chapter . 
CHAPTER � 
EMPIRICAL RESULTS 
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The empirical hedging results are based upon the 
borrowing needs o f  the agricultural cooperatives . These 
results can be general ized to illustrate how cooperat ives 
may use the financial futures to aid in reducing risks 
associated with fluctuating interest rates . 
Pres ented i n  th is chapter a re e s t ima t e s  o f  the 
corre l at i on between the spec i f iced inte r e s t  r a t e s . The 
hedge ratios required to implement portfol io hedgi ng were 
est imated . E st imates o f  the opt ima l hedge  ra t i o s . a n d  
measures of e ffect iveness , f.rom the ordinary l�ast square 
( OLS )  regress ion on prime interest rate and BC rates are 
presented . Section two contains the results from F tests on 
retricted mode l s  u s ed to determine the " de s i re d " OLS 
regres s i on mod e l  for hedging pr ime a nd BC  r a t e s . 
Overlapp i ng regre s s i ons were us ed to d e t e rm i n e  the 
stabil ity of  the hedge ratios , and the estimations are 
presented in sect ion three . Finally , a Chow test was 
conducted to determine whether the hedge ratios were the 
same for the prime interest rate and BC rates . 
ORDINARY LEAST SQUARE ON PRIME AND BC RATES 
ord ina ry l ea st squa re regre s s i on wa s u s e d  to 
determine the sta
.
tistical relationships between the T-bil l 
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futures and the prime interest rate , and BC rates . The 
dependent variable was the change in the cash rate , while 
the i ndependent va r i ab l e  was the change in  �he T -b i l l  
futu re s rate . The s l op e  coe f f ic i ents ( b ' s )  a nd the 
coef ficients of  determination ( R2 ) were equivalent to the 
optimal hedge ratios and measures of hedging effect iveness , 
respectively . 
S ince the prime and BC interest rates analyzed were 
administered rates , the regression model was mod i f ied to 
incorporate time lags into the hedging activities ( see 
chapter three ) . One month , two month and three month l ags. 
were examined . Hedge lengths of 1 month , 3 months and 6 
months were ana l y z ed . Four regress ion mode l s  were  
estimated for each hedge length . Data used were the monthly 
average data for the prime , Omah.a , · Spokane and St . Paul 
rates , and the T-bill settle prices . 
� Regress ion Results on Prime Interest Rate 
The results from the regression equations on the 
prime interest rate are presented in Table 4 .  1 . Al l the 
regression equations had signi ficant F-test values .at the 
95% level , which impl ies that a signi ficant relationship 
between the T-bill  futures and the prime interest rate had 
existed . 
Hedge ratios , b ' s  shown in Table 4 . 1  represented the 
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Tab l e  4 .  l :  Ord i na r y  Leas t Squa res ( OLS ) Re gre s s i on on Pr l..e Intere s t  R a t e , J an . l980 - 0ec . l 986 . 
Hedge Nu.be r o f  
Length a bl b2 b) b4 Obse rva t i ons F - t e s t  R 2  
Mode l 1 - 4 . 40 a 0 . 60 (." 84 3 8 . 7 3* 0 .  3 2 
( 1 . 46 ) a ( . 10 )  
Mode l 2 - O . SO 0 . 4 1 c 0 . 6 3c 84 7 1 . 7 )* 0 . 64 
1 Month ( . 1 9 )  ( . 07 )  ( . 07 ) 
Mode l 3 1 . 54 a 0 . 4 5 c o .  st= O . l6c 84 51 .. 4 2* 0 . 66 
( . 56 ) ( . 07 )  ( . 08 ) ( . 0 7 )  
Mode l 4 1 . 07 
a 
0 . 44 c o . s� 0 . 1 2 c 0 . 1 0c 84 34 . 79* 0 . 6 7 
( . 36 )  ( . 08 ) ( . 08 ) ( . 08 )  ( . 0 7 )  
Mode l 1 - S . 2 7 a 0 .  7 9 c 8 4  56 . 5 8 *  0 . 4 1 
( 1 . 7 5 ) :1 ( . 09 ) 
Mode l 2 1 . 5 8 '  0 . 1 6 c 0 . 92 84 9 1 . 40* 0 .  70 
3 Mon th s  ( . 5 6 )  a ( . 1 1 )  ( . 1 1 )  
Mode l 3 6 . 44 o .  3 2 c 0 . 62c 0 . 2 7c 84 64 . 5 3 *  0 .  70 
( . 7 8 )  ( . 1 3 ) ( . 1 7 ) ( . 1 3 )  
Mode l 4 5 . 84 a · 0 .  34 C 0 . 5 �  0 . 34c - 0 . 06c 84 4 5 . 7 2 *  0 .  7 1  
( . 9 1 )  ( . 1 4 )  ( . 20 )  ( . 20 ) ( . 1 3 )  
Hode l 3 . 1 3 :1  0 . 94 84 1 0 7 . 58* 0 . 5 7 
( . 4 2 ) il ( . 09 )  Mode l 2 4 . 6 2 ' 0 . 1 8C 0 . 88 84 9 8 . 1 7* . 0 .  70 
6 Months ( . 58 )  ( . 14 )  ( .  14 ) 
Hode l 3 5 . 39:1 0 . 2 2c o .  7 5c 0 . 1 2c 84 6 2 . 36* 0. 7 l  
( . SO )  ( . 1 5 )
c 
( . 1 2 )  ( . 14 )c 
- 0 . 1 7c Hode l 4 2 .  7 53 0 . 2 1 o . 70c 0 .  3 1  84 4 l. . s �· 0 .  7 1  
( . 4 1 )  ( . 1 5 )  ( . 1 5 )  ( . 2 1 )  ( . 14 )  
A )  * represents s i gn i f i c ant F - t e s t  va lue a t  the 9 S t  lev� l . 
8 )  a rep r e sents i n t e r c e p t  ls s i gn i f i ca n t l y  d i ffe rent than 0 at the 9 5 '  l�ve l . 
C )  c re p resents coe f f i c i en t  i s  s i gn i f i c ant l y  d i f fe rent than 1 a t  the 9 5 '  l e ve l . 
0 )  Nu.be r L n  Pa renthe s i s  s tand f o r  the s t andard e r ror o f  the coe f f ic i e nt s . 
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proportion of the loan , which should be hedged in the T­
b i l l  futures contract . In most cases , the four model s  had 
s l opes s ign i f icant l y  d i f fe rent from one . Rec a l l  that 
hedges , as  traditionally presented , should . be equal and 
opposite the cash position and the hedge ratios should 
equal one . The results here indicate that minimum risk 
hedge ratios are usual ly less than one , or that the ·cash 
pos ition is not completely hedged . Some hedge rat ios were 
rel atively low ,  for example , the 3 month hedge ratio , b 4  
under model 4 was only -0 . 0 6 .  
From Table 4 .  1 ,  negative hedge ratios appeared · in 
model 4 .  S ince the minimi zation problem assumes a l ong spot 
pos ition ( loan pos ition ) , a.nd hedge ratio b = -x2 1 . x1 
where . x2 i s  the futu res pos it ion and x 1 i s  the · cash  
p o s i t i on ( se e  chapte r 2 ) . As  a resul t , po s i t ive �edge 
ratios indicate short hedge , neg�tive hedge ratios _ indicate 
long hedge . 
In model 2 that included 1 . month lag , the optima l 
one month hedge ra t i os , b 1 , b2 , were 0 . 4 1 a nd 0 . 6 3 
respectively . The b1 , b2 , represented the proportion o f  the 
s e a s onal l oan that shou l d  be hedged in T-b i l l  futu re s 
contract at different time periods . It was assumed that the 
seasonal loan was $ 1 , 0 0 0 , 0 0 0  and the hedge period was from 
May 1 , 19 8 0 ; to June 1 , 19 8 0 . This indicated that risk 
m i n im i z at i on requ i red 4 1  · percent of the cash  pos i t i on 
( $4 10 , 00 0 )  to be �hort hedged in the T-bil l  futures market 
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from May 1 , 198 0 ,  to June 1 ,  198 0 ( no lead hedge ) , and 6 3  
percent o f  the cash position ( $630 , 0 0 0 )  t o  b e  short hedged 
from April  1 ,  198 0 , to May 1 ,  198 0  ( 1  month lead hedge ) . 
The sum of these was the proportion of the cash pos ition 
which was short hedged in the T-bill futures market . In 
this  case , 1 04 percent of  the cash pos ition was hedged . 
In model 3 that included 1 and 2 month lags , three 
optimal hedge ratios , b1 , b2 , b3 , were est imated . In the 
case of model 4 that included 1 ,  2 and 3 month lags , four 
optimal hedge ratios , b1 � b2 , b3 , b4 were estimated . Hedges 
were spread across the T-bill futures market at d i f fere�t 
t ime periods in the model that included time lags . 
R2 or E is  the measure of hedging effectiveness · and 
can be interpreted as the percentage decrease . in spot price 
variabil ity because of the hedgeq . pos
.ition , relative to an 
unhedged pos ition . Greater values of R2 indicate · greater 
risk protection from a particular hedge relative to anothe r 
with a lower value . E was calculated assuming the value 
o f  the optimal hedge ratio . 
In Table 4 . 1 , the e ffectiveness for hedges that did 
not include a t ime lag and for hedges that incluqed time 
lags were compared . The measure of hedging e ffect iveness ,  
R2 , was general ly . low for no lag hedges . However , · the 
e ffectivenes� of all  three hedges that included t ime lags 
was greater than . that of no lag hedges in a l l  cases-. For 
example ,  when the hedge period was 1 month , the est imated 
effectiveness for the no lag hedges was only 0 . 3 2 ,  but the 
estimated effectiveness for the hedges that included a one 
month lag was 0 . 64 . The results here indicate · that hedging 
performs a lot better a fter time lags are incorporated 
into the port fol io model . 
Tab l e  4 . 1  a l s o  shows that , i n  each c a s e , th e . 
effectiveness for longer hedges is greater than for shorter 
hedges . The results  are certa i n l y  cons i s tent w i th the 
hypothes i s  that E was larger for longer hedges . Al l these 
merely indicate that absolute changes in cash prices are 
greater and the futures have a longer time to respond . 
OLS Regression Results on BC Rates 
The results from the regress ion equat ions on t):le 
Omaha , Spokane , and st . Paul · BC r·ates are · pre�ented in 
Table 4 . 2 ,  4 . 3  and 4 . 4 , respectively . The results  here are 
general ly similar to those for the . prime interest rate . F ­
test va lues for the equations were s igni ficant at the 9 5 %  
level except i n  model 1 .  An insignificant F test impl ies 
that the  regre s s ion exp l a in s  l it t l e  or none o f  the 
variation in the dependent variable and a poor relationship 
exists between T-bill  futures and speci fied BC rates under 
this model . 
Almost al l of the slope coefficients for each of  the 
BC rates were s ignificantly different from one . In most 
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Trtb l e  4 . 2 : Ord l n11 ry Le a s t  Squa re s ( OL� )  Re�re s s t on on O.aha Rat� . J an . l 9 80 De c . 1 986 . 
ltt- dge NUIIIbe r o f  
Leng t h a b l  b 2  b )  b4 Obse rva t i ons F - t e s t  R 2  
a 
- 0 . 04( Mode l 1 - 6 . 7 7 . 84 0 . 2 6 0 . 03 
( . 60 ) ( . 0 7 ) 
Mod• l 2 - 4 . 2 fl - 0 . 1 8c 0 . 4 5( 84 2 7  . 05* 0 . 40 
1 Month ( . 7 6 )3 ( . 06 )  ( . 06 )  
Mode l 3 - 1 .  8 )  - 0 .  lOC o .  3 2c 0 .  34c 84 4 2 . 5 3* 0 . 62 
( . 7 1 >a ( .  05 ) ( . 05 >c ( . 05 )  
Mode l 4 - 0 .  7 9 - 0 . 09( 0 . 34 0 .  J ll: 0 . 09c 84 3 3 . 02* 0 . 6 3 
( . 3 5 )  { . 05 }  ( . OS }  { . 05 )  ( .  0 5 )  
a 
Mode l t - 7 . 66 o . t ee 84 · 4 . 59* 0 . 05 
Mode l 2 
{ . 9 7 )  
- 4 . 943 
( . 08 )  
- 0 .  l 'f- 0 .  74c 84 4 5' . 10* 0 . 5 3 
1 Mon ths ( 1 .  2 2 )  ( . 08 )  ( .  08 )( 
Modt- 1 3 - 1 . 4 13 - 0 . 1 0c 0 . 26 0 . 4 l 84 56 . 96* 0 . 69 
( .  3 2 ) ( . 08 )c ( .  1 1 ) ( .  08 ) 
Mode l 4 - 0 . 06 - 0 .  1 2  o .  3 5c o .  nc O . l lc 84 4 3 . 5·3* 0. 70 
( 1 . 4 8 )  ( . 09 ) . ( ' 1 3 )  ( .  1 3 )  { . 08 )  
Modt' l 5 .  543 0 . 4 � 84 40 . 3 1 *  0 .  3 3  
( 1 . 2 1 )  ( . 08 )  
Hode l 2 6 .  1 5;:t - 0 .  J lc 0 . 9 1  84 8 5 . 6 1� 0 . 68 
6 Months ( 1 . 6 1 )  ( .  1 0 )  ( . 1 0 )  
Hode l 3 7 .  5 6" - 0 . 1 � 0 . 4rF 0 '  4 7l: 84 8 6 . 8 7* 0 .  7 7  
( 1 . 8 8 )  ( . 09 >c 
( '  1 2 )  ( .  08 ) 
Hode l 4 s . oci - 0 . 2 1 0 . 4 3c 0 . 42( O . OSc 8 4  62 . O S * . 0 .  7 7  
( 1 .  09 ) ( . 09 ) ( .  1 3 )  ( .  1 3 )  ( .  08 ) 
A )  * repre sents s t gn l f lc an t  F - t e s t  va lue a t  the 95t l eve l . 
R )  a repre sents inte rcep t i s  s l �n i f l cant ly d i f fe rent than 0 a t  the 9 5 \  l �ve l . 
C ) c represents coe f f ic i e n t  ls s i �n i f lc an t ly d i f fe rent than 1 a t  the 9 5\ l e ve l .  
0 )  Nu�be r i n  Pa renthe s i s  s t and fo r th� s tanda rd e r ror · of the c oe f f i c i e nt s . 
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Tab l e  4 . 3 : Ord i nary Le a s t Squa r e s  ( OLS )  Regre s s i on on Spokane R a t e ,  J an . 1 9 80 Dec . 1 986 . 
Hedge NWibe r o f  
Length a b l  bi ' b )  b4 Obs e rva t i on s  F - t e s t  R 2  
Hode l - 5 .  &J'I - 0 . 0� 84 1 . 40 0 . 0 2 
( . 89 ) ( .  08 )c c Hode l 2 - ) .  )�, - 0 . 24 0 . 4 7  84 2 4 . 7 1 * 0 .  38 
1 Month ( 1 .  3 8  >a ( . 0 7 )c ( . 0 7 ) . 0 . 29c Hode l 3 - 1 . 4 3  - 0 .  1 8  0 .  36c 84 2 7 . 4 7* 0 . 5 1 
( .  6 1  >a ( .  06 >c ( . 06 )c ( . 06f c Hode l 4 - 1 . 9 1  - 0 . 1 9  0 . 3 6  0 .  2 0 . 04 84 2 0 . 1 5* 0 .  5 1 
( . 9 2 )  ( .  06 ) ( .  0 7 )  ( .  0 7 ) ( . 06 ) 
- 8 . 9-Jl c Hode l 0 . 1 0 84 1 .  28 0 . 0 2 
( l .  1 8  >a ( .  09 ) 
0 .  7l'-Hode l 2 - 4 . 7 11  - 0 . 4 f 84 . 4 2 . 8 6* 0 . 5 2 
3 Mon ths ( 1 . 4 5 > . •  ( .  08 )c ( .  08}: Hode l 3 - 1 .  s t  - 0 . 24 0 . 3 0 . 3f 8 4  4 1 .  7 8 *  0 . 6 2 
( . 5 7 )  ( .  09 ) ( .  1 2 )  ( .  09 ) 
O . lcf Hode l '• - t . 6 T - 0 .  3<f o . s f O . t f  84 34 . 0 2* 0 . 64 
( .  44 ) ( . 1 0 )  ( . l it )  ( . 1 4 )  ( .  09 ) 
2 .  o r, l" Hode l 0 .  36 84 2 2 . 4 5* 0 . 2 1 
( .  9 3  l, ( . 08 ) . 
Hode l 2 2 . 9d - 0 . 4 t 0 . 90 84 6 2 . 02'* 0 . 6 1 
6 Mon t h s  ( 1 . 1 8 )  ( . 1 0 )  ( . 1 0 )  
Hode l ) 4 .  J f  - 0 . Jet 0 . 4 f 0 . 4 f 84 58 . 07*  0 . 69 
( J . 09 1 ( . 09 f ( . 1' 3 ) .  ( . 09 \: o . of Hode l 4 1 . 4 1 - 0 . 3 0 . 4 f 0 .  )4 84 4 2 . 5 3* 0 . 6 9 
( . 6 3 ) ( .  1 0 )  ( . 14 ) ( . 1 4 )  ( .  09 ) 
A ) * r�presents s i gn i f i c ant F - t e s t  va l ue a t  the 95' leve l . 
8 )  a represents i n t e rcept  is  s i gn i f i c ant l y  d i f fe rent. than 0 at the 95'  leve 1 .  
C )  c rP.pre s e n t s  coe f f i c i e n t  i s  s l gn l f.i cant 1 y  d i f f e rent than 1 a t  the 9 5 '  leve i :  
0 ) NWibe r i n  Pa ren t he s i s  s t a nd for the s t anda r d  � r ro r  o f  t he c oe f f i c i e nt s . 
Tab l e  4 . 4 :  Ord i na r y  Le a s t  S qua rt> s ( Ol.S ) Regre s s i on on S t . Pau l Ra te , J a n . l 980 - Dec . l 986 . 
Hedg� 
l.ength a b l lt2 b) b4 
Nuntbe r of 
Obse rva t i ons F - t e s t  
Hode l 
Hode l 2 
1 Mon t h  
Mode l 3 
Hode l 4 
Hode l 
Hode l 2 
) Months 
Hodt- 1 3 
Hode l 4 
Hode l 1 
Hode l 2 
6 Ho11 ths 
Hode l 3 
Mode l 4 
- 6 . 4 T1 
( . 7 5 ) a 
- 4 . 39' 
( . 5 2 )a - ) . 7 3  
( .  8 3 )  
· 2 .  7 la 
( . 90 )  
- 1 1 . 6 l
a 
( 1 .  6 8 )  
- 8 . slf 
( l . l 8 )a 
- 5 . 2 4 
( .  7 1 )  
- 4  . od1 
( .  7 3 )  
- 4 . 4 3:1 
( . 5 9 ) a 
. 3 .  1 7  
( . 86 ) 
. 2 .  2 6a 
( .  9 ) )  
- 3 .  8 5a 
( . 54 ) 
- 0 . 06c 
( .  0 7 )c · 0 . 1 9  
( .  06 >c 
- 0 . 1 5  
( . 05 )  
- O . l 4c 
( . OS ) 
c 
0 . 1 2 
( .  08 )c - 0 . 3 2 
( .  08 ) 
- 0 .  l lc 
( .  09 ) . 
· 0 .  1 8L 
( .  09 ) 
0 .  ) 8l
. 
( . 08 )_ 
- 0 .  )8L 
( . 1 1  >c 
· 0 . 2 3 
( . 1 0 )  
- 0 .  2 8c 
( .  1 0 )  
0 .  Jf­
( . 06 ) . 
0 . 2 9L 
( .  05 ) .  
0 .  3 lc 
( .  06 ) 
c 0 . 64 
( .  08 >c 0 .  1 9  
( . 1 2 )  
0 . 4 1c 
( . 1 3 ) 
0 . 8 9  
( . 1 1 )  . . 
0 . 28L 
( .  l S )c 0 .  39  
( .  1 4 ) 
0 . 2l 
( . 0 5  >c 0 . 2 3 
( .  0 5 ) 
0 . 4 2c 
( .  08 >c 0 . 1 1  
( . 1 2 )  
c 
0 . 56 
( . 1 0 )  
o .  2 5c 
( . 1 4 )  
o . of 
( . O S ) 
0 .  2 6c 
( . 0 8 )  
o .  2 7c 
( . 09 ) 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
84 
0 . 86 
2 3 . 09 *  
2 9 . 0 3 *  
2 2 . 40 *  
2 . 2 2 
3 2 . 0 7 *  
3 8 . 4 1 *  
)4 . 7 6 *  
2 2 . 20* 
4 8 . 5 5 * 
5 3 . 4 8* 
44 . 50* 
-----,-� --- --- --- ------ - ---'----- -- ---· ----
A )  * repre sen t s  s i gn i f i c an t  F - te s t  va l ue a t  the 95\  l e ve l .  
R )  a r e p r e s e n t s  i n te rc e p t  I s  s i gn i f i c an t l y  d i f fe rent  than 0 a t  t he  9 5 \  l evt> l . 
C )  c repr � se n t s c oe f f i c i e n t  i s  s i gn i f i c ant l y  d i f fe r ent than l a t  t he 95\  l e ve l . 
0 )  Nwtbe r i n  Pa r e n t he s i s  s tand fo r t he s t andard e r r or o f  the coe f f i c i e n t s . 
6 7  
R 2  
0 . 0 1 
0 .  3 7  
0 . 5 3  
0 .  54 
0 . 0 3 
0 . 4 5 
0 . 60 
0 . 6 5 
0 . 2 1  
0 . 5 5 
0 . 6 7  
0 .  7 0  
6 8  
cases , they were less than one which impl ied that the loan 
position was not completely _ hedged . Negative hedge ratios 
were found in b1 • 
. 
The hedg ing e f fect iveness f or a l l mode l s  tha t 
included time lags was higher than for the no lag model . 
This  means that the cooperatives are able to hedge the 
spec ified BC rates more effectively by us ing model 2 ,  3 ,  or 
4 than model 1 .  Aga in , the hed g i ng e f fect iveness wa s 
generally greater for longer term hedges than shorter term 
hedges . 
As mentioned above , us ing models  2 ,  3 and 4 to hedge 
were more effect ive than using model 1 . However , one may 
ask which model is the "des ired" hedging model . The next 
sect ion wa s u s ed to  determine the " d es ire.d "  mode l for 
hedging prime and BC rates . 
.[ TEST FOR DETERMINING THE " DESIRED" MODEL . 
F tests on restricted versus unrestricted models 
were conducted to determine the "desired �' regress ion model 
for hedging prime interest rate and BC rates . A subset of 
al l  the regress ion coefficients might not be s igni ticantly 
different than z ero . 
Models  1 ,  2 ,  and 3 were used as the restricted 
models . ·Model 1 restricted
. 
b2 = b 3 = b4 = 0 ,  model 2 
restricted · = = o ,  and model 3 restricted b4 
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= o .  Model 4 is the unrestricted model in the F test . 
1: � Results 
The results are presented in Table 4 .  5 .  For the 
prime cash rate , restricted F -test v a l ue s  were 
insignificant at the 95% level in model 2 ;  i . e . , b3 = b4 
= O ,  which impl ied that model 2 was the "des ired" model 
for hedging prime interest rate . 
The results were consistent with the R2 results 
obtained from Table 4 . 1 . R2 or E increased significantly as 
Qne moved from model 1 to model 2 . However I there was 
l ittle or no increase in R2 as one moved from model 2 to 
model 3 ,  or from model 3 to model 4 .  Little additional risk 
reduction occurred by adding the 2 month and 3 month · · l�gged 
variables into the regression model . As a result ,  on� may 
find that changes in prime rates are more correlated with 
T-b i l l  futures p r i ce change s one month e a rl i e r  tha n 
concurrent futures price changes . 
In the case of  hedging the three BC rates , model 3 
was the "desired" model since restricted F-test values 
became insignificant in model 3 at the 95%  level in a l l  
cases . For the R2 reported i n  Table 4 .  2 1 4 . 3 and . 4 . 4 ,  
l ittle or no increase in R2 occurred when one moved from 
model 3 to mo�el 4 .  Therefore , changes in the BC rates are 
more correlated with the ·T-bill  futures contract price 
changes two months earl ier than concurrent futures contract 
Ta b l e  4 . 5 :  Rest r i cted F Test Resu l t s for Det e rm i n i ng the Des i red Reg ress i on Mod e l  for Pr i me a nd BC Rates . 
Mod e l  1 1 Mod e l  1 2 Mode l 1 3 
- - -- - - - - - - - - - - - - - - - - - - - - - - -
Cash rate = Tb i l l  Cash rate = Tb i l l ,  Lag 1 Cash rate = Tb i l l , Lag 1 ,  La g  2 
Cash . hedge 
Ma rket l e ngth n q computed F n q computed F n q comput ed F 
1 mo . 8 4  3 2 9 . 2 7 *  8 4  2 2 . 4 6 8 4  1 2 , 2 6 
P r i me 3 mo . 8 4  3 2 8 . 2 7 *  8 4  2 2 . 5 1 8 4  1 0 . 2 5 
6 mo . 8 4  3 1 5 . 1 8 *  8 4  2 1 . 7 9 8 4  1 1 . 6 5 
1 mo . 8 4  3 4 5 . 7 5 * . 8 4  2 2 5 . 2 0 *  8 4  1 3 . 2 8 
Omah a  3 mo . 8 4  3 6 1 . 9 9 *  8 4  2 2 3 . 2 2 *  8 4  1 2 . 5 7 
6 mo . 8 4  3 5 7 . 3 9 *  8 4  2 1 8 . 4 6 *  8 4  1 2 . 1 9 
1 mo . 8 4  3 2 7 . 8 4 *  I 8 4  2 1 1 . 57 *  I 8 4  1 1 . 3 5 
S poka ne 3 mo . 8 4  3 4 8 . 3 7 *  8 4  2 1 � . 3 6 *  I 8 4  1 . 2 . 9 6 
6 mo . 8 4  3 4 6 . 2 7 *  8 4  2 1 3 . 7 8 *  I 8 4  1 3 ·. 2 5  
1 mo . . 8 4  3 3 1 .  6 9·· 8 4  2 1 6 . 2 6 *  8 4  1 2 . 3 6 
� t . Pa u l  3 mo . 8 4  3 5 0 . 07 *  8 4  2 2 4 . 2 4 *  8 4  1 1 . 8 1  
6 mo . 8 4  3 4 9 . 5 3 *  . 8 4  2 ·2 4 . 8 0 * 8 4  1 1 . 8 0 
-......) 0 ' 
• represents s i gn i f i cant F-test va l ue or a subset o f  a l l  the regr e ss ion coe f f i c i ents i s  s i g n i f i ca nt l y  d i f fe re n t  
t h a n  o a t  t h e  9 5 \  l eve l . 
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price changes . 
OVERLAPPING REGRESSIONS PROCEDURE 
The overlapping regressions procedure was used to 
determine the · stabil ity of the coefficients across periods 
of increas ing , decreas ing and constant interest rates . 
The purpose of the overlapping regress ions procedure 
is to gain some ins ight into the time variabil ity of hedge 
ratios ( b ' s ) and measures of hedging ef fectiveness ( R2 ' s ) . 
Comparison between the · standard OLS b and the moving b ­
determines the stabil ity o f  the coefficients . · I f  the moving 
b derived from the overlapping regressions appears to be 
ins ignificantly different than its long run OLs · b ,  then· the 
coe f f i c i ent i s  cons idered stabl e . 
coe ffic ient is  unstable .  
Ot·he rw i s e  1 the 
Another F test · on re stri cted mode l wa s ·  used to 
determ i ne whether the  mov i ng hedge rat i o s  were 
signi ficantly different than the long run OLS hedge ratio . 
Let the l ong run regress ion be the re�tricted model 1 and 
the overlapping regressions be the unrestricted models . 
Restricted ESS was calculated from the di fference between 
the actual and predicted value of the dependent variable .  
Unres t r i cted ESS  was obta ined from the overl app i ng 
regress ions . - The nul l hypothes is was that the moving hedge 
ratios were insignificantly different than the l ong run OLS 
72 
hedge ratio . 
S ince the F test for determining the " des ired" model 
selected regression model 2 · that included a 1 month lag to 
be the most  s ign i f icant mode l for hedg in-g the pr ime 
interest rate , and model 3 that included 1 and 2 month lags 
was the "best" model for hedging BC rates , overlapping 
regress ions were conducted on these two models for prime 
and BC rates , respectively . The time period to. be · stud ied 
was from January 1980  to December 198 6 . 
Overlapping Regressions Results 
Ov e r l app ing regress i ons  re su l t s a re presented i n  
Appendix A .  It was clear f�om the statistics that hedg ing 
performance varied s ignificantly from one subperiod. to the 
other . 
Moving b ' s did not appear · to remain fairly close to 
i t s  l ong run O LS b s ince the F test va l u e s  o f  the 
restricted model were signi ficant at the 95% level · in most 
cases . As a result , hedge ratios and measures of hedg ing 
effectiveness were not stable over the period studied , 
1 9 8 0-19 8 6 . 
CHOW TEST FOR SIGNI FICANT CHANGE IN HEDGE RATIOS 
. BETWEEN PRIME AND BC RATES 
·The Chow test was used to determine i f  a s igni f icant 
change in the coefficients of the regress ion - equations 
existed between prime and BC rates . 
The F t e s t  for determin ing the " d e s ired " mode l 
concluded that model 2 was the "desired" hedging model for 
the prime rate , and model 3 was the "desired " hedging model 
for each of the BC rates , therefore , the coeffic ients were 
not the same for these two interest rates . 
However ,  the three BC rates had the same "des ired " 
mode l , mod e l  3 ,  one might ask whether there wa s a 
s ignificant change in the coefficients within the Bank for 
Cooperatives rates themselves as a whole . As a result , a 
Chow test wa s conducted on model 3 for these three · BC 
rates . Regress ions were estimated for each of the BC rates 
for the unconstrained model.s . Observations from the three 
BC rates were combined into one series and regressed to 
determine the constrained model . The sum of squared err�rs 
from the equations were then · used in the Chow test . The 
nul l  hypothesis  was that there was no s igni ficant cha�ge i n  
the coefficients within the three .BC aggregated rates . 
The F-test was formulated as : 
Fk , Nl+N2+N3 -3k  
ESSuR) / k 
= - - - - - - - - - - - - - - - - - - - - - - - - - -
ESSUR / ( Nl + N2 + N3 - 3k )  
where Nl , N2 , N3  number of  observations in 
Omaha , Spokane and St . Paul 
rates , respectively . 
K number of parameters . 
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Chow Test Results for BC Rates 
Based on measures of  ESS and number o f  observat ions 
shown in Table 4 . 6 ,  the calculated F-raties were o .  7 4 for 
the 1 month hedges , 0 .  94 for the 3 month hedges and 1 . 10  
for the 6 month hedges . All the F-raties were l ess  than the 
critical value of the F d istribution with k and N1 + N2 + 
N3 - 3k degrees of freedom at the 5 percent s ign i f icance 
l evel , in this case , F4 , 2 4 0  = 2 . 3 7 . The resul ts indi cated 
that the nul l  hypothes i s  o f  no d i ffe rence's among the 
coe f f i c i ents a s  a who l e cou l d  not be rej e cted . Th e s e. 
-
re su l t s  imp l y  that the agricul tura l  coopera t i v e s  r e a ct 
s imilarly among the three BC aggregated rates . 
CONCLUSIONS 
S evera l s ign i f i c ant re sul ts were found i n' th i s  
chapter . Hedging e f fectiveness. was extremely poor be fore 
t ime l ags  were i ncorporated into the OLS reg re s s1 ons . 
However , a fter the regression model was expanded to include 
the time l ag ,  there was a significant �ncrease in hedg ing 
effectiveness . This indicated that greater risk protect ion 
could be attained by spreading the hedges across d i f ferent 
time periods . 
The F test _on restricted model concluded that · model 
2 which included a 1 month lag , and model 3 which included 
. 1 and 2 month · lags were the "desired" model s for hedging 
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Table 4 . 6 :  Chow Tes t  Results for BC Rate s . 
hedge Cash # of Chow · 
length Marke t ESS obs ervations Te s t  
Omaha 1 3 8 7 8 2 . 02 84 
Spokane 2 1 0 7 5 3 . 1 7 84 
1 0 . 74 
S t . Paul 14605 1 . 46 84 
Al l 5 01 7 2 6 . 64 2 5 2  
Omaha 5 2 9 7 3 2 . 49 84 
Spokane 6 6 9 2 8 7 . 58 84 
3 0 . 94 
S t . Paul 5 7 5 9 14 . 12 84 
Al l 1 8 0 2 6 7 8 . 82 2 5 2  
Omaha 7 0 9 0 8 7 . 3 9 84 
Spokane 848205 . 01 84 
6 1 . 10 
S t . Paul 1 00 1 6 3 3 . 64 84 
Al l 2 60 5 8 8 8 . 2 7 2 5 2  
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prime and . BC rates , respectively . 
The hedge ratios for the prime interest rate and 
Bank for  Coop erat ives r�tes had shown cons iderab l e  
instab i l i ty , a s  h a d  the ir mea sures · o f  hedg ing 
e f fect ivenes s . In add i t ion , ev idence wa s f ound tha t 
regress ion coefficients were not the same for hedging the 
pr ime interest rate a nd Bank for Coop e ra t iv e s . rates . 
However ,  coe fficients were found to be the same within the 
three Bank for Cooperatives aggregated rates . 
CHAPTER 2 
7 7  
ANALYSIS OF  HEDGING COSTS AND "NET" HEDGING PERFORMANCE 
The first section of the chapter is used to present 
the results for hedging costs , margin interest expenses and 
commiss ion expenses . The second section is used to present 
the empirical results . for the hedging performance a fter 
cons ider ing the hedg ing costs , the " net " he dg ing 
pe r f ormance . A Pa sca l program was devel oped f o r  th i s  
purpose , and the complete program i s  presented i n  Append ix 
B .  
HEDGING COSTS RESULTS 
· Two s e t s  o f  hedg ing strategy were exam i ned , a 
hedging strategy that did not include a lag and a he�gi�g 
strategy that included a 1 month lag . 
Table 5 .  1 , 5 .  2 ,  5 .  3 and 5 .  4 summarize some o f  the 
pert inent i n f o rmat i on re l evant to financ ing th e s e  two 
hedging strategies for prime and BC rates . These est imates 
were based on s imulating the daily futures account ba l ance 
associated with the two hedging strategies under severa l 
assumptions . The initial margin deposit per contract was 
$2 , 0 0 0 . The ma intenance margin level per contract was set 
to $ 1 , 600 . · M�rgin cal l s  were only made when the account 
balance from a l l  open positions fel l  below the ma intenance 
. . 
level . Interest was charged daily on all  required margin 
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deposits and earned daily on any excess funds . The prime 
interest rate was used as the interest rate charged on all  
the required margin deposits , and the interest rate earned 
on excess margin account funds was set at 5% . As for the 
commission , it was assumed to be $60  per round trip . 
The number o f  contracts held in each of  the hedging 
strategies was computed by dividing the futures . pos ition 
derived from OLS regress ion by the size  o f- the futures 
contract assuming two futures contract s i zes were used , 
$ 1 , 0 0 0 , 0 0 0  and $ 5 0 0 , 0 0 0 . S ince the futures contracts were a 
fixed size , it was necessary to round the futures posit �on 
so an integer numbe r  o f  contracts cou l d  be u s ed . For 
example , if  the l oan was tied to the prime interest rate , 
the optimal 1 month hedge ratios for the hedging strategy 
that inc l uded 1 month l ag were 0 .  4 1 a nd · 0 .  6 3 .  A f te r 
rounding the futures pos itions , the cooperatives required 
one contract for the first time period and one _ cohtract for 
the second time period . Contract size was $ 5 0 0 , 0 0 0  in both 
cases . Totally ,  the cooperatives would . hold two contracts 
f o r  one comp l ete h edge in th is  case . M a rg i n  i nt erest 
expenses and commission expenses were estimated .according 
to this number of  contracts . The time period to be studied 
was from January 198 0  to December 1986 . 
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Costs for Hedging Prime Interest Rate 
Under the assumptions discussed above , the costs for 
hedging the prime interest rate are presented in Tabl e  5 . 1 . 
The average was calculated in term of one c·omplete hedge 
instead of per contract . 
In  all  cases , the average margin interest expense 
was generally greater in longer hedge programs than in 
shorter hedge programs . For example , under hedging strategy 
I ,  average interest expense went up from $ 14 in one month 
hedge program to $ 15 1  in s ix month hedge program . The 
results were the same for average interest earnings which 
increased as hedge length increased . 
Table 5 .  1 also shows the total hedgi_ng costs of  
interest and commission expenses . The highest average total 
cost for one complete hedge appeared in 6 month , hedge 
program , $2 11  per complete hedge . 
Maximum drawdown for 1 month , 3 month and 6 month 
hedge prog rams under hedg ing s trategy I we re  · $ 6 , 7 3 7 ,  
$ 18 , 62 5 and $ 19 , 07 5  respectively . For hedging strategy I I , 
they were $ 1 0 , 3 7 5 ,  $18 , 62 5  and $18 , 9 7 6  respectively . Note 
that as the length of the hedge period increased from one 
month to 6 months , the maximum drawdown increased . S o  did 
the maximum withdraw . 
Almost 1 0 0 %  of  the lots hedged received at least one 
or more margin cal ls  in all  cases except the 1 month hedge 
program , 2 0% of ·the lots hedged did not rece ive any margin 
Table 5 . 1 :  
1 Month He dge Period 
Numbe r o f  lots hedge d 
Commi s s ion : 
Total 
Average 
S tandard Devia t ion 
Intere s t  Expenses : 
Total 
Ave rage 
S tandard Dev i a t ion 
Commiss i on & 
Inte re s t  Expens e s : 
To tal 
Ave rage 
Standard Devi a t ion 
Interes t Earnings : 
Total 
Ave rage 
S tandard Dev i a t ion 
Margin Ca l l s p e r  Hedge 
1 
2 
3 
4 
5 
6 
7+ 
Maximum dr awdown 
Max imum wi thdraw 
S imulated Hedging Cos ts for Pr ime Rate fo r No - Lag 
Hedg ing S t rategy and Hedg ing S t ra t e gy Tha t I nc luded 
1 Month Lag . 
· 
S trategy 1 
Prime l - Tb i l l l  
8 3  
4980 
6 0  
0 
1 2 2 1 . 7 2 
14 . 7 2 
9 . 5 5 
6 2 0 1 . 7 2 
74 . 7 2 
9 . 5 5 
4 . 9 3 
0 . 06 
0 . 2 5 ' 
Number of Hedge 
20 
18  
7 
10 
2 
5 
4 
$ 6 , 7 3 7  
$ 2 , 0 7 5  
S trategy I I  
Pr ime 1 - Tb i l l 1 , Lag 1 
8 3  
9 9 6 0  
1 2 0  
0 
2 6 2 1 . 9 6 
3 1 . 5 9 
2 4 . 1 5 
1 2 5 8 1 . 9 6 
1 5 1 . 5 9 
2 4 . 1 5 
4 1 . 4 6 
0 .  5 0  
1 .  9 1  
1 6  
1 0  
1 2  
8 
8 
4 
2 1  
$ 10 , 3 7 5  
$ 5 , 2 2 5  
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Tab le · s . l : 
3 Month Hedge Per iod 
Numbe r o f  lots hedged 
Commi s s ion : 
Total 
Ave rage 
S tandard Devi ation 
Intere s t  Expens e s : 
To t a l  
Ave rage 
S tandard Dev iat ion 
Commiss ion & 
Intere s t  Expens e s :  
Total 
Ave rage 
S tandard Dev i a t i on 
Intere s t  Earnings : 
Margin 
Max imum 
To tal 
Ave rage 
S tandard Dev i at ion 
Ca l l s  per Hedge 
1 
2 
3 
4 
5 
6 
7 +  
drawdown 
Max imum wi thdraw 
S imulated Hedging Cos ts for Prime Ra te fo r No - Lag 
Hedg ing S trategy and Hedging S t ra te gy Tha t I nc luded 
1 Month �g ( cont inua t ion) . 
S trategy I 
Prime ) - Tb i l l 3  
8 1  
4860 
60 
0 
5 7 8 2 . 5 7 
7 1 . 3 9 
66 . 06 
10642 . 5 7 
1 3 1 . 3 9 
66 . 06 
3 1 7 . 50 
3 . 9 2 
7 . 8 3 
0 
- 0 
2 
4 
3 
0 
7 2  
$ 1 8 , 6 2 5  
$ 8 . 350 
Number of Hedge 
S t rategy I I  . 
Pr ime ) - Tb i l l 3 . Lag 1 
8 1  
4 8 60 
6 0  
0 
5 6 5 5 . 3 9 
6 9 . 8 2 
6 6 . 2 6 
105 1 5 . 3 9 
1 2 9 . 8 2 
66 . 2 6 
3 6 9 . 3 2 
4 . 5 6 
8 . 8 9 
0 
0 
2 
4 
3 
0 
7 2  
$ 1 8 , 6 2 5  
$ 1 1 , 100 
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Tab le 5 . 1 :  
6 Month Hedge Pe r iod 
Numb e r  o f  lots hedged 
Comm i s s i on :  
To tal  
Ave rage 
S tandard Deviat ion 
Inte re s t  Expens e s : 
To ta l 
Ave rage 
S tandard Deviat ion 
Comm i s s i on & 
Intere s t  Expe ns e s : 
To tal  
Ave rage 
S t andard Deviat ion 
I ntere s t  Earnings : 
Margin 
Max imum 
Maximum 
To t a l  
Ave rage 
S tandard Dev i a t ion 
Cal l s  p e r  He dge 
1 
2 
3 
4 
5 
6 
7 +  
drawdown 
wi thdraw 
S imulated Hedging Cos ts for Pr ime Rate for No - Lag 
Hedg ing S trategy and Hedgi ng S trategy Tha t Inc luded 
1 Month Lag ( cont inua t ion) . 
S trategy I 
Pr1me6 - Tb 1 116 
7 8  
4680 
60 
0 
1 1 802 . 12 
1 5 1 . 3 1 
1 3 3 . 5 7 
16482 . 1 2 
2 1 1 . 3 1 
1 3 3 . 5 7 
9 9 3 . 7 1 
1 2 . 74 
2 3 . 30 
2 
0 
2 
0 
1 
1 
7 2  
$ 1 9 , 0 7 5  
$ 12 , 47 8  
Number o f  
.
Hedge 
S tra tegy I I  
Pr1me6 - Tb 1 1 16 , La g  1 
7 8  
4 6 8 0  
60 
0 
1 1 544 . 74 
148 . 0 1 
1 3 1 . 9 1 
1 6 2 2 4 . 74 
2 0 8 . 0 1 
1 3 1 . 9 1 
1054 . 5 2 
1 3 . 5 2 
2 3 . 5 5 
2· 
0 
1 0  
2 
1 
0 
6 3  
$ 18 , 9 7 6  
$ 1 5 , 8 5 0  
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cal l s  under hedging stratedqy � and only 5% of the lots 
h edged d id n ot rece ive a�y margin ca l l s  und e r  h edg ing 
strategy I I . In fact , in _ the 3 month hedge program , 72 of 
the 8 1  l ots  hedged received more than 7 margin cal l s  each , 
about 8 9 %  o f  the lots hedged . 
Costs for Hedging BC rates 
The hedging cost results for Omaha , Sp.okane and St . 
Paul  rate s  a re pre s ented i n  Tab l e  5 .  2 ,  5 .  3 a nd 5 .  4 
respectively . For each of the BC rates , OLS results from 
chapter 4 showed that the optimal 1 _ month and · 3 month . hedge 
ratios under a no lag hedging strategy were very smal l .  
S ince the T-bil l  futures contracts were in denominations of 
either $ 1 , 0 0 0 , 0 0 0  or $500 , 00 0 , no futures ·_ contracts were 
sold in this  case . As _ a result , _ the · futures -account balance 
was zero . 
Average i nterest e xpenses  a nd ave rage i nt erest 
earnings were generally higher . in  longer hedge programs 
than i n  shorter hedge programs � The . l a rgest v a l u e  for 
average total costs o f  one complete hedge occurred at hedge 
l ength of 6 months in each case . Also , maximum dr�wdown and 
maximum withdraw increased as hedge length increased . At 
one point , total . funds on deposit for hedging the - Omaha 
rate reached $ 16 , 2 12 for a six "month hedge program under 
hedging strategy II . Hence , although initial deposits did 
Tab l e  5 . 2 :  
1 Month Hedge Per i o d  
Numb e r  o f  l o t s  hedge d 
Comm i s s i on : 
To t a l  
Ave rage 
S tandard Dev iat ion 
Inte res t Expe ns e s : 
To tal 
Ave rage 
S tanda rd Deviat ion 
Comm i s s i on & 
I nte re s t  Expens e s : 
To tal 
Ave rage 
S tandard Deviat ion 
Intere s t  Earnings : 
Margin 
Max imum 
Max imum 
To tal 
Ave rage 
S tandard Deviat ion 
C a l l s  p e r  He dge 
1 
2 
3 
4 
5 
6 
7 +  
drawdown 
w i thdraw 
S imula ted Hedg ing Cos ts fo r Omaha Rate fo r No - Lag 
Hedging S tra tegy and Hedging S t ra tegy Tha t I nc lude d 
1 Month Lag . 
S trategy I 
Omaha1 - Tb i l l l  
Numb e r  o f  Hedge 
S trategy I I  
Omahal - tb i l l l , Lag 1 
8 3  
4 9 8 0  
6 0  
· 0 
1 140 . 2 9 
1 3 . 74 
8 . 3 5 
6 1 20 . 2 9. 
7 3 . 7 4 
8 . 3 5 
4 .  9 3  
0 . 06 
0 .  2 5  
1 8  
1 8  
8 
10 . 
2 
6 
4 
$ 6 , 7 3 7  
$ 2 , 0 7 5 
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Tab le 5 . 2 :  
3 Month Hedge Period 
Numbe r o f  l o ts hedge d 
Comm i s s i on :  
To tal 
Ave rage 
S tandard Deviation 
Intere s t  Expenses : 
Total 
Ave rage 
S tandard Deviat ion 
Comm i s s i on & 
Inte re s t  Expens e s : 
To tal 
Ave rage 
S t andard Deviat ion 
Inte res t Earnings : 
Margin 
Max imum 
Max imum 
Total 
Ave rage 
S tandard Deviat ion 
Ca l l s  pe r Hedge 
1 
2 
3 
4 
5 
6 
7+ 
drawdown 
w i thdraw 
S imulated Hedg i ng Cos ts for Omaha Rate fo r No - Lag 
Hedging S trategy and Hedging S trategy Tha t I nc luded 
1 Month Lag ( cont inuation ) . 
S trategy I 
Omaha3 - Tb i l l 3 
Numbe r of Hedge 
S trategy I I  
Omaha3 - Tb i l l 3 . La g 1 
8 1  
9 7 20 
1 2 0  
0 
8400 . 4 3 
103 . 7 1 
80 . 5 0 
1 8 120 . 4 3 
2 2 3  0 7 1  
8 0 . 50 
2 9 7 . 10 
3 . 6 7 
7 . 9 2 
1 "  
4 
6 
6 
6 
4 
5 2  
$ 14 , 3 7 5  
$ 9  1 1 3  7 
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Tab le 5 . 2 :  
6 Month Hedge Per iod 
N umb e r  of l o t s  hedged 
Comm i s s ion : 
To tal 
Ave rage 
S tandard Dev i a t ion 
I ntere s t  Expenses : 
To t a l  
Ave rage 
S tandard De v i a t ion 
Commiss ion & 
In te res t Expens e s : 
To tal 
Ave r age 
S tandar d  Dev i a t ion 
Inte re s t  Earnings : 
To ta l 
Ave rage 
S tanda rd Dev iat ion 
Margin Cal l s per Hedge 
l 
2 
3 
4 
5 
6 
7+ 
Max imum drawdown 
Max imum w i thdraw 
S imula ted Hedging Cos ts for Omaha Ra te fo r No - Lag 
Hedg ing S trategy and He dg ing S t rategy Tha t Inc l ude d 
1 Month Lag ( c ont inua t ion) . 
S tra te gy I S trategy l i  
Omaha6 - Tb i l l 6  Omaha6 - Tb i l l 6 . Lag 1 
78 7 8  
4680 9 3 6 0  
60 1 2 0  
0 0 
8 3 6 8 . 59 1 5 2 9 4 . 1 8 
1 0 7 . 2 9 1 9 6 . 08 
7 2 . 5 8 1 2 9 . 5 1 
1 3 048 . 5 9  2 4 6 5 4 . 1 8 
1 6 7 . 2 9 3 1 6 . 0 8 
7 2 . 5 8  1 2 9 . 5 1 
2 6 0 . 48 4.44 . 4 8  
3 . 34 5 . 7 0 
7 . 7 5 1 3 . 9 2 
Number of Hedge 
0 0 
0 6 
2 4 
4 2 
4 7 
3 4 
6 5  5 5  
$ 1 0 , 3 12  $ 1 6 , 2 1 2  
$ 6 , 9 2 5  $ 9 , 3 8 7  
8 6  
Tab le 5 . 3 :  
1 Month Hedge Per iod 
Number of lots he dged 
Commiss ion : 
To tal 
Average 
S t andard Dev i a t i on 
Intere s t  Expens e s : 
to tal 
Ave rage 
S tandard Dev i a t ion 
Commiss ion & 
Intere s t  Expenses : 
Total 
Ave rage 
S tandard Dev i a t ion 
Intere s t  Earnings : 
Margin 
Max imum 
Max imum 
Total 
Ave rage 
S tandard Dev i at ion 
Calls  pe r Hedge 
l 
2 
3 
4 
5 
6 
7+ 
drawdown 
wi thdraw 
S imulated Hedging Cos ts for Spokane Ra te for No - Lag 
Hedg ing S trategy and Hedg ing S trategy tha t  Inc luded 
l Month Lag . 
S trategy 1 
Spokane l - tb i l l l  
-. 
Number of liedge 
S trategy I I  
Spokane l - Tb i l l l , La g l 
8 3  
4980 
60 
0 
1 140 . 29 
1 3 . 74 
8 . 3 5 
6 1 2 0 . 2 9 
7 3 . 74 
8 . 3 5 
4 . 9 3 
0 . 06 
0 . 2 5 
1 8 . 
1 8  
8 
1 0  
2 
6 
4 
$ 6 , 7 3 7  
$ 2 , 0 7 5  
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Tab l e  5 . 3 :  
3 Month Hedge Pe r i od 
Numbe r of lots  hedged 
Comm i s s i on :  
To tal 
Ave rage 
S tandard Dev i a t ion 
Inte r e s t  Expens e s : 
To tal 
Ave rage 
S tandard Devi a t ion 
Commis s i on & 
Inte re s t  Expense s :  
Total  
Ave rage 
S tandard Dev i a t i on 
Intere s t  Ea rnings : 
Margin 
Max imum 
Max imum 
To tal 
Ave rage 
S tandard Devi a t ion 
Cal l s  p e r  Hedge 
1 
2 
3 
4 
5 
6 
7+ 
drawdown 
wi thdraw 
S imulated Hedging Cos ts for Spokane Rate for No - Lag 
Hedg ing S t rategy and Hedging S trategy That Inc luded 
1 Monto Lag ( con t inuation) . 
S trategy I 
Spo kane ) - Tb i l l3 
Numbe r o f -Hedge 
S trategy · I I  
Spokane ) - Tb i l l 3 , Lag 1 
8 1  
9 7 20 
1 2 0  
0 
8400 . 4 3 
1 03 . 7 1 
80 . s o  
1 8 1 2 0 . 4 3  
2 2 3 . 7 1 
80 . 5 0 
. 2 9 7 . 1 0 
3 .  6 7  
7 . 9 2  
1 
4 
6 
6 
6 
4 
5 2  
$ 14 , 3 7 5 
$ 9 , 1 3 7 
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Tab l e  5 . 3 :  
6 Month Hedge Pe r iod 
Number of l o ts hedged 
Commiss ion : 
To tal  
Ave rage 
S tandard Dev i a t i on 
Intere s t  Expenses : 
To tal 
Ave rage 
S tandard Dev i a t ion 
Comm i s s ion & 
I ntere s t  Expenses : 
To tal 
Ave rage 
S tandard Deviat ion 
Inte r e s t  Earnings : 
To tal 
Ave rage 
S tandard Dev i a t i on 
Margin Calls  pe r Hedge 
1 
2 
3 
4 
5 
6 
7+ 
Maximum drawdown 
Max imum w i thdraw 
S imulated Hedg ing Cos ts for Spokane Rate for N o - Lag 
Hedging S trategy and Hedging S t rategy That I nc luded 
1 Month Lag ( cont inua t ion) . 
S trategy I 
Spokane6 • Tb i l l 6 
7 8  
4680 
60 
0 
8 3 6 8 . 5 9 
107 . 2 9 
72 . 5 8 
1 3 048 . 59  
1 6 7 . 2 9 
7 2 . 5 8 
260 . 48 
3 . 34 
7 . 7 5 
0 
0 
2 
4 
4 
3 
6 5  
$ 1 0 ' 3 1 2  
$ 6 , 9 2 5  
Numbe r o f  He dge · 
S t rategy I I  
Spokane 6 - Tb i l l 6 , La g  1 
7 8  
9 3 60 
120 
0 
1 5 2 94 . 1 8 
1 9 6 . 08 
1 2 9 . 5 1 
246 54 . 1 8 
3 1 6 . 08 
1 2 9 . 5 1 
444 . 48 
5 . 70 
1 3 . 9 2 
0 
6 
4 
2 
7 
4 
5 5  
$ 1 6 ' 2 1 2  
$ 9 , 3 8 7  
8 9  
L-
Tab l e  5 . 4 :  
1 Month Hedge Pe r iod 
Number o f  lots  hedged 
Comm i s s ion : 
To tal 
Average 
S tandard Deviat i on 
Inte re s t  Expens e s : 
To tal 
Ave rage 
S tandard Deviation 
Comm i s s ion & 
I nte re s t  Expens e s : 
To tal 
Ave rage 
S t andard Dev iat ion 
Intere s t  Earn ings : 
Margin 
Max imum 
Max imum 
To tal 
Ave rage 
S tandard Deviat i on 
Ca l l s  p e r  He dge 
1 
2 
3 
4 
5 
6 
7+ 
drawdown 
wi thdraw 
S imu lated Hedging Co s t s  for S t . Paul Ra te for No - Lag 
Hedgi ng S t rategy and Hedging S trategy Tha t  I nc luded 
1 Month l.ag . 
S t ra t e gy I 
S t Paul l - Tb i l l l 
Number of . .Hedge 
S t rategy n 
S t Paul l  • Tb i l l l , Lag 1 
8 3  
4980 
6 0  
0 
1 140 . 2 9 
1 3 . 74 
8 . 3 5 
6 1 2 0 . 2 9 
7 3 . 74 
8 . 3 5 
4 . 9 3 
0 . 06 
0 . 2 5 
1 8  
1 8  
8 
10 
2 
6 
4 
$ 6 , 7 3 7  
$ 2 , 0 7 5  
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Tab le 5 . 4 :  
3 Month Hedge Per i o d  
Number o f  lots hedged 
Commi s s ion : 
To tal 
Ave rage 
S tandard Dev i a t ion 
Intere s t  Expens e s : 
To tal 
Ave rage 
S tandard Deviat ion 
Commiss ion & 
Inte re s t  Expens e s : 
To tal 
Ave rage 
S tandard Devia t ion 
Interes t Earn ings : 
To tal 
Ave rage 
S tandard Deviat ion 
Margin Calls per Hedge 
1 
2 
3 
4 
5 
6 
7+ 
Max imum drawdown 
Maximum w i thdraw 
S imulated Hedging Costs for S t . Paul Rate fo r No - Lag 
Hedging Strategy and Hedging S trategy Tha t Inc luded 
1 Month _ Lag ( continuat ion) . 
S trategy I 
S t Paul 3  - Tb i l l 3  
Number o f  . He:dge 
S trategy I I  
S t Paul 3  - Tb i l l 3 , Lag 1 
8 1  
9 7 20 
120 
0 
6 9 3 8 . 3 9 
8 5 . 6 6 
4 2 . 5 8 
1 6 6 5 8 . 3 9 
205 . 6 6 
42 . 58  
446 . 2 5 
5 . 5 1 
16 . 6 9 
14 
1 1  
6 
7 
3 
10 
2 8  
$ 8 , 3 00 
.$4 . 5 6 2  
91 
Tab le 5 . 4 :  
6 Month Hedge Per iod 
Number of l o ts hedged 
Commiss ion : 
To t a l · 
Ave r age 
S tandard Dev iat ion 
Inte res t Expense s :  
To tal 
Ave rage 
S tandard Deviat ion 
Commiss ion & 
Interes t Expenses : 
To tal 
Ave rage 
S tandard Deviat ion 
Intere s t  Earnings : 
Ma rgin 
Max imum 
To t a l  
Ave rage 
S tandard Deviat ion 
Cal l s  p e r  Hedge 
1 
2 
3 
4 
5 
6 
7+ 
drawdown 
Max imum wi thdraw 
S imul a ted Hedg ing Cos ts for S
.
t .  Pau l Ra te for No - La g 
Hedg ing S t rategy and Hedg ing S trate gy tha t  I nc l ude d 
1 Month 
.
Lag ( c ont inuat ion ) . 
S t rategy I 
S t Paul 6  • Tb i l l6 
7 8  
4 6 8 0  
6 0  
0 
8 3 6 8 . 5 9 
1 0 7 . 2 9 
7 2 . 5 8 
1 3 04 8 . 5 9  
1 6 7 . 2 9 
7 2 . 5 8 
2 6 0 . 48 ' 
3 . 34 
7 . 7 5 
0 
0 
2 
4 
4 
3 
6 5  
$ 10 , 3 1 2  
$ 6 , 9 2 5  
Numbe r o f  Hedge 
S t rate gy I.I 
S t Paul 6  • Tb i l l 6 , La g  l 
7 8  
9 360 
120 
0 
1 5 2 94 . 18 
196 . 08 
1 2 9 . 5 1 
24654 . 18 
3 1 6 . 0 8 
1 2 9 . 5 1 
444 . 4 8 
5 . 70 
1 3 . 9 2 
0 
6 
4 
2 
7 
4 
5 5  
$ 1 6 , 2 1 2 
$9 , 3 8 7  
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9 3  
not exceed $ 4 , 0 0 0  ( two contracts we re needed for tha t 
pa rt icul a r  hedge ) , marg i n  c a l l s  on e x i s t i ng pos i t i on s  
required additional deposits bringing the total to over 16  
thousand dol lars . 
For the margin calls , each hedge received a numerous 
numbe r  o f  ma rg in ca l l s . I n  programs o f  l onge r hedge 
l engths , a large percentage of the lots hedged . rece ived 
more than 7 margin cal ls  per hedge . Hence , in addition to 
the hedg ing costs , the cooperat ives wou l d  ne ed a 
susbstan t i a l  l ine o f  cred it and a comm i tment to  make 
numerous margin calls , particularly for programs of  longer 
hedge lengths . 
RESULTS FOR "NET" HEDGING PERFORMANCE 
Be s ide worry ing about the hedg ing c o s ts , ma�g i n  
account , and any margin cal ls , one might want t o  know the 
performance o f  the two hedging strategies a fter �ons i�ering 
the hedging costs derived in previous sect ion as opposed 
to an unhedged strategy . Empirical results were reported 
and examined for these two strategies
. 
to determine which 
strategy performed the best . 
This section demonstrates a borrower ' s  risk exposure 
to i nt erest cost  changes a r i s ing f rom i nterest rate 
changes . S �nce risk is measured as the standard deviation 
o f  the differences in interest expense on a $ 1  mill ion 
loan , the average effective change in the cost of  the loan 
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and the st andard dev ia t i on o f  the s e  change s  a f te r 
considering the hedging costs were used to measure the 
" net" performance of our two sets of  hedging _ strategies , as 
- - � compared to an unhedged strategy . U ,  H ,  H , SOU ,  SOH ,  and 
* 
S OH were defined in chapter 3 . H and SOH values were not 
avai l able in the 1 and 3 month hedge periods for each of 
the BC rates , s ince no futures contracts were sold� 
By inspect ion of Tab l e  5 .  5 ,  one c an beg i n  to 
understand the power of hedging even after cons idering al l 
the hedging costs . For example , the table shows that on the 
average the opportunity loss that resulted from an increase 
in prime rate were $7 0 . 9 0 for 1 month hedges , $ 8 8 9 . 0 4 for 3 
month hedges and $2 , 0 7 4 . 07 for 6 month· hedges . But · with 
ut i l i z ing e ither one o f  the hedg ing s trateg i e s , the 
cooperatives ended up with either· a net pro£it or a lower 
opportunity loss ( negative value means net pro fit ) . In  
add i t i on , b oth hedg i ng st rategies reduced the · � t a.n d a rd 
deviation of the loan costs by a signi ficant amount when 
compared to an unhedged pos ition . ·The results were the same 
for BC rates . 
The " net" average effective change in the. cost of 
the loan for both hedging strategies ( H ,  H
* ) was very 
similar in all ' the hedges ( except for the BC rates where 
H ' s  were not available in the 1 . month and 3 month hedge 
periods , therefore no comparisons could be made ) . The big 
Tab l e  5 . 5 : 
Hedge 
Cash l ength in 
Ma rket aonths 
. 1 
Prime 3 
6 
1 
Omaha 3 
6 
Hedg ing versus Unhedged Per for.ance over the Ent i re Saaple Per i od , 1 9 8 0- 19 8 6 . 
u ii ii• 
7 0 . 9 0 - 4 3 . 69 - 4 0 . 5 3 
889 . 0 4 - 1 3 2 . 54 - 1 2 0 . 1 8 
2 07 4 . 07 1 009 . 69 1 0 1 0 . 6 3 
3 2 8 . 9 5 - 9 2 . 4 1 
1 0 3 2 . 4 1 - 4 1 1 . 1. 5 
1 6 3 4 . 1 3  - 6 0 5 . ·0 2  -597 . 2 5 
Cost reduct i on 
u - ii u - ii• 
1 1 4 . 59 1 1 1 . 4 3 
1 0 2 1 . 58 1 009 . 2 2 
1 0 64 . 3 8 1 0 6 3 . 4 4 
4 2 1 . 3 6 
1 4 4 3 . 5 6 
2 2 3 9 . 1 5 2 2 3 1 . � 8 
R i s k  
sou 
1 0 2 4 . 4 6 
SOH SOH * 
8 9 7 . 7 5 6 3 4 . 1 3 
4 6 6 1 . 1 6 3 4 7 3 . 5 5 2 099 . 9 1 
8 5 3 1 . 64 6 0 8 9 . 1 3 3 2 2 8 . 4 8 
5 1 8 2 . 5 6 3 1 0 5 . 4 4 
7 4 7 8 . 2 7 4 8 5 1 . 1 3 
9 6 7 0 . 7 2 7 69 4 . 96 _ 54 3 5 . 2 8 
\.0 
U1 
Tab l P  5 . 5 :  
Ce1sh 
H a r k £> t 
S pokane 
· s t P;m l 
fledge 
l eng t h  i n  
mon t h s 
3 
6 
3 
6 
Hedg i ng versus Unhedged Pe r fo rr�ance ove r t hr Ent i r e S a11p l e  Pe r i od , 1 980 - 1 986 
( c o n t i nua t i o n ) . 
u 1i H* 
3 39 . 9 1 - 8 1 . 4 5 
1 2 24 . 7 2  - 2 1 8 . 84 
1 8 1 9 . 44 - 4 1 9 . 7 1 - 4 11 . 94 
3 50 . 05 - 7 1 . 3 1 
1 200 . 3 1 - 4 64 . 8 9 
1 706 . 94 - 5 32 . 2 1 - 5 24 . 44 
- · - · - · - - - -- - ------
Cos t redu c t  i on R i sk 
u - ii  
2 2 39 . 1 5 
2 2 39 . 1 5  
u "* s ou 
4 2 1 . 36 4 1 8 7 . 02 
1 44 3 . 56 6 70 3 . 1 9 
S OU S OH* 
2 105 . 6 3 
3 4 5 8 . 3 3 
2 2 3 1 . 3 8 98 3 1 . 9 7 8 1 4 2 . 1 0 5 70 3 . 1 9 
4 2 1 . 36 4 2 8 8 . 6 1 2 3 1 7 . 6 2 
1 66 5 . 20 7 9 1 0 . 05 4 399 . 60 
2 2 3 1 . 3 8 8266 . 7 1 7 2 3 5 . 86 49 1 7 . 1 5 
t.O 0"1 
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d i f fe rence was the change in the s t a ndard d ev ia t i on . 
Hedging strategy that included 1 month l ag ( SOH * ) resulted 
in a much lower standard deviation than the no lag hedge 
strategy ( SDH ) . This implied that the hedging strategy that 
included a 1 month lag would be a better hedging strategy 
than a no lag hedging strategy . However , both strategies 
greatly outperformed the unhedged strategy in both the 
average effective change in the cost of  the l oan and the 
variabil ity o f  that cost . 
The t ab l e  a l so shows the " ne t "  e f fect ive cost 
reduction for both hedging strategies . If  the strategy that 
included a 1 month lag was used , assuming the loan was 
priced at the prime rate and hedge length was 6 months , 
then · the "net" average effective cost of  the loan o�er the 
- - ·  
entire test period would have been U - H = $ 1 0 6 3 . 4 � less 
than the unhedged pos �tion . Thus , the cooperat ives would 
have saved an average of $ 1 0 6 3 . 4 4 by participating in . the 6 
month hedge program . Further note that as the length of the 
hedge period increased from 1 month to 6 months , the "net " 
effective cost reduction increased . Even though the hedging 
strategy that included a 1 month lag resulted in a sl ightly 
poorer c ost pe r f o rma nce re lat ive to a no l ag hedg ing 
strategy , but it reduced the standard deviation o f  the l oan 
cost by a s�gnificant amount when compared to us ing the no 
lag hedging strategy . 
As a result ,  despite all  the hedging costs , both the 
hedg ing 
strategy , 
lag . 
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s t rateg i e s  st i l l  outperformed the unhedged 
e specially the _strategy that included 1 month 
CONCLUSIONS 
The results o f  this study show that despite all  the 
hedging costs , a hedged position sti l l  outperformed the 
unhedged position . The no lag hedging strategy and the 
hedging strategy that included 1 month lag signi ficantly 
reduced the cost o f  borrow ing re l at ive - t o  an unh edged 
strategy , and a l so resulted in a much more stabl e  cost of  
borrowed money r e l at ive to  the s t rategy of  rema i n ing 
unhedged . However , the hedging strategy that · included a 1 
month l ag wa s ab l e  to  reduce the r i sk fu rthe r ,  and 
therefore it was a better hedging· strategy than the ' no lag 
hedging strategy . 
Even though such hedging could decrease average loan 
costs and reduce risk significantly , the requirement of a 
substantial credit reserve and the oc�urence of  numerous 
marg in  cal l s  may e xp l a in why many cooperat ive s  do not 
hedge , particular for programs of longer hedge lengths . 
CHAPTER .§ 
SUMMARY .  CONCLUSION AND NEEDS FOR fURTHER RESEARCH 
INTRODUCTION 
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The maj or purpose of this thesis was to analyze the 
feasibil ity of  hedging prime interest rate and Bank for 
Cooperatives · seasonal rates with T-bill  futures contracts . 
The Bank for Cooperatives seasonal rates to be examined 
were Omaha , Spokane and St . Paul rates . It is hoped that , 
the information found in this study wil l  be o f  assistance 
to agribusiness producers , agricultural cooperatives · and 
pol icy makers in their decision making . The next section
. 
is 
a summary o f  the results related to the thesis obj ectives . 
Impl ications of  the research and suggestions for · · further 
research are covered in the rest of the chapter .  
SUMMARY OF RESULTS RELATED TO THESIS OBJECTIVES 
The first thesis obj ective was to determine the 
re l a t i onsh ips between T-bi l l  future s contracts  a nd the 
prime interest rate , and the BC rates . ·A port fol io model or 
ord i na ry l ea st s quares was used to d e t e rm i ne thes e  
relationships . However , because prime and BC rates are 
administered rates , . and several studies had shown that a 
lag existed between the changes in T-bill  futures rates and 
the administered rates . Therefore , the port fol io model was 
modified to inc6rporate this characteristic . One month , · two 
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month and three month lags were included in the portfol io 
model . Hedges were spread in the T-bill  futures market 
across d i f ferent t ime periods . 
Genera l ly ,  hedging performed extremely poorly when 
using the traditional portfol io approach . However , after 
the portfolio  model was modified to incorporate the . lag 
into the hedging activities , a significant increase in the 
hedg ing e f fect iveness  occurred in  each c a s e . I n  othe r 
word s , better re l at ionsh ips between the T-b i l l  fu tu re s 
cont ract s and the prime rate , and the BC  rates were 
obta ined by using the modified por.tfol io approach . 
The hypothesis that the hedging effectiveness for 
longer hedges was greater than for shorter hedges could not 
be rej ected . These merely indicate that absolute changes in 
cash prices are greater and futures have a · longer ' time to 
respond . 
A F t e s t  on  restricted mode l was conducted to  
determine the " des ired" regress ion model s  for hedging the 
prime interest rate and the · speci fie� BC rates . The test 
concluded that the regression which included a 1 month lag 
was the " des ired" model for hedging the pri�e interest 
rate , and· the regression that included 1 and 2 - month lags 
was the " desired�' model for hedging BC rates . 
The s ec ond  obj ective · wa s to e s t imate th e 
coefficients · required to implement a port fol io approach for 
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hedging the prime interest rate and the three BC seasonal 
rates . The purpose of this obj ective was to determine the 
stab i l ity o f  the coe f f i c i ents over the ent ire s ampl e 
period , January 19 8 0  - December 1986 , and the significant 
changes in the coe f f ic ients between prime rate and BC 
rates . 
An ove r l app i ng . regre s s ion procedure wa s u sed to 
determ ine the stab i l ity of the coe f f i c ient s . It wa s 
concluded that the coefficients and the measures of hedging 
e f fect ivenes s we re not stab l e · over the ent i re s amp l e  
period . 
The Chow test was used to determine i f  there · was a 
s igni ficant change in the regression equation . coeffic
_
ients 
betw·een prime and BC rates . A F test on restricted model 
showed that the " des ired " mode l s  for hedg i ng t�e .two 
interest rates are different � Therefore , the c9e f f ic ients 
were not the same for these two interest rates . In other 
words , the cooperatives would have to react d i f ferently to 
the effects of hedging prime interest rate and BC rates . 
However , the nul l  hypothesis  that there was no s ign i f i cant 
change in the coefficients within the three BC aggregated 
rates could not be rej ected . 
The f inal obj ective was to establ ish the hedg ing 
costs and · �o examine whether the hedged position sti l l  
outperformed the unhedged position after considering the 
hedging costs . · Two hedging strategies were examined , a 
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hedging strategy that did not include a lag and a hedging 
strategy that included a .1 month lag . Comparisons between 
these two sets of . hedging strategies were then made to 
determine which hedging strategy provided the best overa ll 
" net " per formance . A Pa s c a l  program wa s deve l oped to 
a n a l y z e  the hedg ing costs and the " net " hedg ing 
performance . 
The actual cost of futures participati on was the 
opp o rtun ity cost o f  foregone interest · on the marg i n  
d epo s i t , and the commi s s i on fees . Ev idence found that 
average margin interest expense increased as hedge · length 
i n c rea s e d . The h ighest ave rage cost o f  intere s t  and 
commission expenses occurred in longer hedge prog�ams . In  
a dd i t i on to the hedg i ng costs , hedg ing . programs were 
subj ect to many margin cal l s  in . each case , part icula
-
rly for 
p rograms o f  l o nger hedge l ength , where a s e�e ra l l ot s  
hedged received more that 7 margin calls  pe� tiedge . Th is 
impl ied a need for a substantial l ine of  credit to operate 
the hedging programs . 
Despite a l l  the hedg i ng c osts , the two h edg ing 
strategies stil l  outperformed the unhedged pos ition . They 
s igni ficantly reduced the cost of borrowing and resulted in 
a much more stable cost of borrowed money ( lower standard 
deviation ) - relative · to an unhedged strategy . However ,  a 
hedging strategy that included a 1 month lag reduced the 
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risk further ,  and therefore , it was cons idered a better 
hedging strategy than the no lag hedging strategy . 
IMPLICATIONS Q[ RESEARCH 
The research in this thesis indicates that there is 
a relationship between the T-bill  futures contracts and the 
prime interest rate , and the Bank for Cooperativ�s rates . 
The cooperatives may use financial futures to stabil ize and 
l ower their interest expense on loans . The results of this 
study indicate that direct cross hedging with the T-bill  
futures contracts wil l not ful ly protect cooperatives · from 
adverse interest rate fluctuations . However ,  risk .cari · be 
reduced s ignificantly whe:n one incorporates the lag into 
the hedging activities . This risk reduction is s ignificant 
enough to encourage research into the possib il i�y that 
s e l e ct ive hedg ing may be · a pro f it ab l e· st :rategy for 
cooperative agribusinesses . 
SUGGESTIONS FOR FURTHER RESEARCH 
As mentioned in chapter 1 ,  implementing a l iabil ity 
hedging strategy impl ies establ ishing a cost of funds . The 
borrower must be will ing to l ive with its locked in cost of  
funds once the hedge is in place , even i f  actual loan rates 
decrease . · The borrower is protected against adverse rate 
movement , but he is also prohibited from taking advantage 
o f  favorab l e  · mov.ement . However , i f  the bo rrower can  
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forecast interest rates , then he is able  to remove part or 
a l l o f  i t s  hedge when rat e s  decreas e . The re fore , 
forecasting models  could be developed to select appropriate 
times to hedge . Cooperatives would only place the hedge 
when the interest rate is expected to rise , and l i ft the 
hedge when the interest rate is  expected to fal l . By doing 
this , the cooperatives may able  to lower the . number of 
margin cal l s  and the capital required to . establ ish the 
hedging program . 
Fu rthermore , instab i l i ty o f  the - port f o l i o  hedge 
ratios and hedging effectiveness . impl ies that historical 
corre l at i ons  may not have impl icat ions f or future 
correlat i ons . As a result ,  a different approach may be 
re qu i re d  i f  f inanc ia l  futures a re g o i ng t o  be used 
effectively by cooperatives . 
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APPENDIX A 
OVERLAPPING REGRESSIONS RESULTS 
Tab le A . l Over lapp ing Re gre s s i on for Pr ime Intere s t  
Rate on Mode l 2 That I nc luded 1 Month La g , 
J an . ' 80 to Dec . ' 8 6 .  
One Month Hedge Period . 
dat a  b l  b 2  R2 F te s t  
( Equa t i on) 
long run 0 . 41 0 . 6 3 0 . 64 7 1 . 7 3* 
8 0 0 1 - 8 1 1 2  0 . 47 0 . 7 7 0 . 7 2 2 5 . 1 8* : 
8004 - 8 2 0 3  0 . 44 0 . 7 6 0 . 6 9 2 3 . 45* 
8007 - 8 2 0 6  0 . 5 9 0 . 6 2 0 . 5 3 1 1 . 8 2* 
8 0 1 0 - 8 2 0 9  0 . 6 1 0 . 5 3 0 . 5 8 14 . 6 5* 
8 1 0 1 - 8 2 12 0 . 4 5 0 . 30 0 � 5 8 14 . 4 3* 
8 1 04 - 8 30 3  0 . 45 0 . 3 2 0 . 64 1 9 . 1 1* 
8 10 7 - 8 3 06 0 . 4 1 0 . 2 1 0 . 6 0 1 5 . 7 9* 
8 1 10 - 8 3 0 9  0 . 3 9 0 . 30 0 . 6 1 1 6 . 2 3* 
8 2 0 1 - 8 3 1 2 0 . 3 5 0 . 2 6 0 . 6 3 . 1 8 . 1 3* 
8 204 - 8403 0 . 43 0 . 2 3 0 . 6 5 1 9 . 8 8 *  
8 2 0 7 - 8406 0 . 49 0 . 2 6 0 . 6 9 24 . 0 3* 
8 2 1 0 - 8409 0 . 2 1 0 . 3 6 0 . 46 9· . 08* 
8 3 0 1 - 84 1 2  0 . 2 0 0 . 41 0 . 3 9 6 .  7 0* ·. 
8 3 04 - 8 5 0 3  0 . 2 1 0 . 46 0 . 5 3 1 1 . 7 1* 
8 30 7 - 8 50 6  0 . 2 9 0 . 40 0 . 5 7 1 3 . 80* 
8 3 1 0 - 8 50 9  0 . 3 1 0 . 4 8 0 . 6 5 1 9 . 3 2 *  
840 1 - 8 5 1 2 0 . 3 2 0 . 5 1 0 . - 6 9  . 2 3 . 7 7 *  
8 4 04 - 8 6 0 3  0 . 3 5 0 . 48 0 . 6 5 1 9 . 6 9 �  
840 7 - 8 60 6  0 . 2 2 0 . 3 8 0 . 52 1 1 . 46 *  
8 4 1 0 - 8 60 9  0 . 24 0 . 3 3 0 . 58 14 . 5 6 *  
8 5 0 1 - 8 6 1 2  0 . 1 5 0 . 2 7 0 . 42 7 .  54* . 
* represents s i gni ficant F - te s t  value at the 9 5 %  l eve l . 
1 0 7  
F tes t  
( Re s t r i c ted)  
2 . 9 1 
2 . 9 5 
3 . 6 7 *  
4 . 4 6* 
2 0 . 44* 
2 7 . 7 3 *  
5 0 . 18* 
5 0 . 0 1* 
9 3 . 2 7* 
1 1 6 . 3 2* 
1 0 5 . 44* 
1 3 1 . 1 8* 
1 2 3 . 8 8* 
1 7 1 . 8 9* 
1 6 9 . 2 3* 
2 2 1 . 4 2* 
2 5 5 . 5 5* 
2 2 2 . 2 8* 
2 6 6 . 8 7 *  
3 8 9 . 1 5* 
4 9 8 . 8 1 * 
1 0 8  
Tab l e  A . l Ove r l app ing Regre s s ion for Prime Intere s t  
Rate on Mode l 2 That Inc luded 1 Month Lag , 
J an . ' 80 to Dec . ' 8 6 ( cont inuation) . 
Three Month Hedge Per i o d . 
data b l b 2  R2 F te s t  F te s t  
( Equa t ion) ( Re s tr i c te d )  
l ong run 0 . 1 6 0 . 9 2 0 . 70 9 1 . 40 *  
8 0 0 1 - 8 1 1 2  0 . 2 0 1 . 1 8 0 . 7 9 3 7 . 4 7 *  5 . 0 1 *  
8 0 04 - 8 2 0 3  0 . 2 2 1 . 1 3 0 . 7 8 3 7 . 34* 4 . 5 3* 
800 7 - 8 2 0 6  0 . 3 2 1 . 0 6 0 . 7 1 2 5 . 7 6* 3 . 1 9* 
8 0 1 0 - 8 2 0 9  0 . 4 6 0 . 90 0 . 6 3 1 7 . 8 5* 4 . 0 2* 
8 10 1 - 8 2 1 2  0 . 40 0 . 5 9 0 . 5 5 1 2 . 6 6* 6 . 4 1* 
8 1 04 - 8 3 0 3  0 . 34 0 . 44 .0 . 5 7 14 . 0 7* 1 9 . 24* 
8 10 7 - 8 30 6  0 . 54 0 . 3 0 0 . 6 2 1 6 . 8 1* 2 7 . 4 7-* 
8 1 1 0 - 8 3 0 9  0 . 5 2 0 . 24 0 . 5 9 1 5 . 3 9* 3 6 . 9 5* 
8 2 0 1 - 8 3 1 2  0 . 2 6 0 . 4 8 0 . 7 0 24 . 3 3 *  7 5 . 8 5* 
8 204 - 840 3 0 . 4 9 0 . 3 2 0 . 7 5 3 2 . 1 2* . 1 0 7 ·. 94* 
8 2 0 7 - 8406 0 . 6 5 0 . 2 2 0 . 8 3 5 0 . 8 9 *  1 2 7 . 4 8* 
8 2 1 0 - 8409 0 . 2 8 0 . 5 3 0 . 7 7 3 6 . 1 8 *  1 14 . 0 7* 
8 30 1 - 84 1 2  0 . 0 1 0 . 6 8 0 . 6 2 1 7 � 3 8 *  143 . 24* 
8 3 04 - 8 5 0 3  - 0 . 0 1 0 . 7 9 0 . 70 2 5 . 3 6* 1 64 . 0 5* 
8 3 0 7 - 8 5 0 6  0 . 06 0 . 74 0 . 7 6 3 3 . 8 2 * 2 0 5 . 4 5* 
8 3 10 - 8 5 0 9  0 . 16 0 . 7 5 0 . 84 5 6 . 0 3* 2 9 9 . 82* 
8401 - 8 5 1 2  0 . 16 0 . 74 0 . 8 5 ' 5 9 . 9 6 *  ' 3 2 6  . 0 8* 
8404 - 8 6 0 3  0 . 2 0 0 . 7 0 . 0 . 84 5 3 . 5 6 *  2 9 7 . 88* 
8407 - 8 6 0 6  0 . 0 7 0 . 7 0 0 . 7 6 34 . 1 6"* 3 2 9 . 3 6 *  
8410 - 8 6 0 9  0 . 14 0 . 4 8 0 . 6 2 1 6 . 8 9 * 3 2 9 . 2 8 * 
8 50 1 - 8 6 1 2 0 . 0 9 0 . 46 0 . 5 8 14 . 8 7 *  4 0 5 . 16* 
* repre s ents s i gni f i c ant F - te s t  value at the 95% leve l . 
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Tab l e  A . l Ove r l app ing Regre s s i on fo r Pr ime Intere s t  
Rate o n  Mode l 2 That I nc luded 1 Month Lag , 
J an . ' 80 to Dec . ' 8 6 ( cont inuat ion) . 
S ix Month Hedge Pe r iod � 
data bl b 2  R 2  F te s t  F te s t  
( Equat ion) ( Re s t r i c te d )  
l o n g  run 0 . 18 0 . 8 8 0 . 70 9 1 . 40* 
8 00 1 - 8 1 1 2  0 . 3 8 1 . 24 0 . 8 6 3 7 . 47 *  1 5 . 3 3 * 
8004 - 8 2 0 3  0 . 43 1 . 2 8 0 . 84 3 7 . 34* 1 1 . 4 7* 
8 00 7 - 8 2 0 6  0 . 5 1 1 . 2 2 0 . 8 2 2 5 . 7 6* 10 . 5 7 *  
8 0 1 0 - 8 20 9  0 . 3 0 1 . 1 8 0 . 7 2 1 7 . 8 5* 6 . 1 6 *  
8 10 1 - 8 2 1 2  0 . 3 9 0 . 8 3 0 . 7 1 1 2 . 6 6* 6 . 84* 
8 1 04 - 8 30 3  0 . 54 0 . 2 9 0 . 6 5 14 . 0 7 *  1 7 . 44* 
8 1 0 7 - 8 30 6  0 . 3 2 0 . 42 0 . 64 1 6 . 8 1* 2 8  . 4 1* 
8 1 10 - 8 30 9  0 . 2 8 0 . 43 0 . 5 5 1 5 . 3 9 *  2 7 . 8 1* 
8 2 0 1 - 8 3 1 2  0 . 2 9 0 . 49 0 . 5 7 2 4 � 3 3* . 2 8 . 5 9* 
8 2 04 - 8403 0 . 3 1 0 . 6 5 0 . 9 1 3 2 . 12* 1 6 8 � 9 0* 
8 2 0 7 - 8406 0 . 3 8 0 . 6 3 0 . 9 2 5 0 . 8 9 *  1 6 0 . 3 5* 
8 2 1 0 - 8409 0 . 3 7 0 . 7 0 0 . 9 1 3 6 . 1 8* 1 2 8 . 15* 
8 3 0 1 - 8 4 1 2  - 0 . 09 1 . 00 0 . 8 6 1 7 : 3 8* 1 3 6 . 4 2* 
8 3 04 - 8 50 3  - 0 . 16 0 . 9 6 0 . 80 2 5 . 3 6* 1 5 3 . 74* 
8 3 0 7 - 8 5 0 6  - 0 . 01 0 . 8 6 0 . 8 1 3 3 . 8 2* 1 5 1 . 44* 
8 3 10 - 8 50 9  0 . 1 3 0 . 8 1 0 . 9 2 . 5 6 . 0 3* 3 4 3 . 6 5* 
8 4 0 1 - 8 5 1 2  0 . 1 9 0 . 8 0 0 . 9 3 5 9 . 9 6* ' 4 24 . 40* 
8404 - 8 6 0 3  0 . 1 8 0 . 8 0 .o .  9 3  5 3 . 5 6 *  4 2 0 . 6 7 *  
840 7 - 8 606 0 . 1 6 0·. 8 1  0 . 90 34 . 1 6 * ·  3 6 6 . 5 5* 
84 1 0 - 8 6 09 0 . 02 0 . 7 1 0 . 6 5 1 6 . 89* 2 7 8 . 3 3* 
8 5 0 1 - 8 6 1 2  0 . 0 3 .0 . 5 5 0 . 48 14 . 8 7 *  2t. 6 . 44* 
* repre s ents s i gni ficant F- tes t  value at the 9 5 %  leve l . 
1 10 
Tab l e  A . 2 Ove r l apping Regre s s i on for Omaha Rate on Mode l 
3 Tha t  I nc lude d 1 And 2 Month Lags , J an .  ' 8 0 
to Dec . ' 8 6 .  
One Month He dge P e r i od . 
data bl b2 b 3  R2 F te s t  F te s t  
( Equa t i on )  ( Re s tr i c te d )  
l ong run - 0 . 10 0 . 3 2 0 . 34 0 . 6 2 4 2 . 5 3* 
8 0 0 1 - 8 1 1 2  - 0 . 1 3 0 . 3 3 0 . 3 8 0 . 7 5 1 7 . 6 6* 6 . 2 2* 
8 0 04 - 8 2 0 3  - 0 . 1 2 0 . 34 0 . 38 0 . 7 6 2 1 . 2 8* 5 . 94* 
8 0 0 7 - 8 2 0 6  - 0 . 09 0 . 41 0 . 40 0 . 7 3 1 7 . 6 5* 6 . 6 1* 
8 0 10 - 8 2 0 9  - 0 . 04 0 . 4 1 0 . 3 8 0 . 6 9 14 . 9 1* ' 7 . 8 5* 
8 1 0 1 - 8 2 1 2  - 0 . 10 0 . 3 5 0 . 3 1 0 . 6 8 14 . 48* 1 0 . 5 6 *  
8 1 04 - 8 3 0 3  - 0 . 09 0 . 3 5 0 . 2 2 0 . 7 1 1 6 . 3 5* 2 0 . 6 8* 
8 10 7 - 8 3 0 6  0 . 0 3 0 . 2 8 0 . 2 3 0 . 5 9 9 . 7 6* 2 1 . 6 9* 
8 1 1 0 - 8 30 9  0 . 0 8 0 . 2 9 0 . 3 0 0 . 6 6 1 3 . 0 2* 2 2 . 7 7 *  
8 2 0 1 - 8 3 1 2 0 . 08 0 . 2 7 0 . 2 9 0 . 6 0 9 . 8 3* 2 2 . 8 5 *  
8 2 04 - 8403 0 . 14 0 . 3 1 0 . 1 7 0 . 3 5 3 . 6 1* 1 0 . 44* 
8 2 0 7 - 84 0 6  0 . 1 6 0 . 3 0 0 . 1 3 0 . 3 6 3 . 7 5* 1 1 . 06* 
8 2 10 - 8409 0 . 06 0 . 3 7 0 . 1 7 0 . 30 2 . 8 9 1 1  ·. 08* 
8 3 0 1 - 84 1 2  - 0 . 1 1 0 . 4 3 - 0 . 04 0 . 1 1 0 . 8 0 1 1 . 70* 
8 3 04 - 8 5 0 3  - 0 . 04 0 . 3 1 0 . 3 3 0 . 1 9 1 . 5 9 9 . 5 1 * 
8 30 7 - 8 50 6  0 . 0 1 0 . 2 6 0 . 42 0 . 34 3 ; 3 7 *  . 1 6  . 0 6 *  
8 3 10 - 8 50 9  - 0 . 0 5 0 . 3 1 0 . 43 0 . 3 1 3 . 0 6 1 6 . 0 3* 
8 40 1 - 8 5 12 - 0 . 0 8 0 . 28 0 . 47 0 . 3 3 3 . 3 3* 1 6 . 84* 
8404 - 8 60 3  0 . 01 0 . 1 3 0 . 42 - 0 . 50 6 . 7 9* 7 0 . 34* 
8 4 0 7 - 8 6 0 6  0 . 1 1 0 . 1 3 0 . 43 0 . 47 5 . 9 6 *  7 1 . 0 1* 
8410 - 8 6 0 9  0 . 10 0 . 1 3 0 . 40 0 . 48 ' 6 �  1 1* 7 6 . 5 9* 
8 5 0 1 - 8 6 1 2  0 . 05 0. . 2 2  0 . 3 5 0 . 3 5 3 . 5 9--*: 48 . 60* 
* repre s ents s igni fi cant F- tes t value at the 9 5 %  l eve l . 
1 1 1  
Tab l e  A . 2 Ove r l app ing Regre s s ion for Omaha Rate on Mode l 
3 That I nc luded 1 And 2 Month Lags . Jan . ' 8 0 
to Dec . ' 8 6 ( continuation) . 
Three Month He dge Per iod . 
data b 1  b 2  b3 R2 F te s t  F te s t  
( Equat ion) { Re s tr i c te d )  
long run - 0 . 10 0 . 2 6 0 . 47 0 . 6 9 5 6 . 9 6* 
8001 - 8 1 1 2  0 . 00 0 . 14 0 . 6 6 0 . 7 8 2 0 . 8 3* 5 . 64* 
8004 - 8 2 0 3  - 0 . 04 0 . 2 0 0 . 5 9 0 . 7 8 2 3 . 8 6* 5 . 02 *  
800 7 - 8 2 0 6  - 0 . 15 0 . 2 6 0 . 5 9 0 . 7 9 2 5 . 1 2 *  5 . 6 9 *  
8010 - 8 2 0 9  - 0 . 14 0 . 34 0 . 6 1 0 . 70 1 5 . 54* 6 . 2 7 *  
8 1 0 1 - 8 2 1 2  - 0 . 12 0 . 34 0 . 5 2 0 . 7 2 1 7 . 30* 6 . 86* 
8 104 - 8 30 3  - 0 . 1 5 0 . 3 6 0 . 2 6 0 . 7 3 1 8 . 1 8 *  2 4 . 64* 
8 1 0 7 - 8 3 0 6  0 . 02 0 . 3 3 0 . 2 7 0 . 8 1 2 9 . 0 2 *  4 1 . 64* 
8 1 10 - 8 30 9  0 . 04 0 . 3 1 0 . 3 0 0 . 7 8 24 . 2 7 *  3 7 . 2 9 *  
8 2 0 1 - 8 3 1 2  0 . 00 0 . 34 0 . 3 3 0 . 7 8 2 4 . 30* 3 8 . 3 6* 
8204 - 8403 0 . 1 6 0 . 3 6 0 . 24 0 . 6 1 1 0 . 2 1* 1 3 . 7 2 * 
8 2 0 7 - 8406 0 . 2 4 0 . 2 7 0 . 1 7 0 . 5 7 8 . 7 4* 14 . 1 3 *  
8 2 10 - 8409 0 . 00 0 . 5 6 0 . 06 0 . 5 7 8 . 7 5 * ' 14 . ·8 6 * 
8 3 0 1 - 8412 - 0 . 4 1 0 . 7 8 - 0 . 0 9 0 . 2 7 2 . 4 3  1 6 . 64* 
8 3 04 - 8 5 0 3  - 0 . 4 2 0 . 7 7 0 . 10 0 . 3 5 3 . 5 2 *  1 3 . 5 5* 
8 3 0 7 - 8 5 0 6  - 0 . 0 3 0 . 3 1 0 . 34 0 . 4 2 4 . -9 1* 1 9 � 6 8* 
8 3 10 � 8 50 9 - 0 . 0 6 0 . 3 2 0 . 3 2 0 . 4 2 4 .  74* 1 9 . 7 5* 
8401 - 85 1 2  - 0 . 0 3 0 . 2 3 0 . 42 0 . 4 3 4 . 9 9* 2 0 . 48* 
8404 - 8 6 0 3 - 0 . 1 7 0 . 2 2 0 . 4 2 0 . 7 8 2 4 . 1 2 *  148 . 14* 
840 7 - 8 6 0 6  - 0 . 1 0 0 . 1 6 0 . 44 0 . 7 3 1 7 . 9 1* - 1 24 ·. 60* 
8410 - 8 6 0 9  - 0 . 0 9 '0 . 2 0 0 . 42 0 . 6 5 i 2 . 31* 1 14 . 9 8 *  
850 1 - 8 6 1 2  - 0 . 0 3 0 .. 1 9  0 . 42 0 . 6 2 1 1 . 0 5* 1 0 6 . 1 7 *  
* rep re s ents s ign i f i c ant F - te s t  value �t the 9 5 %  leve l . 
1 12 
Tab l e  A . 2 Over l app ing Re gress ion for Omaha Rate on Mode l 
3 Tha t  I nc luded 1 And 2 Month Lags , Jan . ' 8 0 
to Dec . ' 8 6  ( cont inuation) . 
S ix Month He dge P e r iod . 
data b l  . b 2  b 3  R2 F t es t  F tes t 
( Equa t i on )  ( Re s tr i c ted) 
l ong run - 0 . 1 8 0 . 40 0 . 47 0 . 7 7 8 6 . 8 7 *  
8 00 1 - 8 1 1 2  - 0 . 1 3 0 . 40 0 . 7 1 0 . 8 9 4 7 . 40* 14 . 3 5* 
8 0 04 - 8 2 0 3  - 0 . 1 8 0 . 43 0 . 6 7 0 . 9 0 5 8 . 7 0* 1 5 . 5 5* 
8007 - 8 2 0 6  - 0 . 1 8 0 . 4 2 0 . 6 5 0 . 8 7 44 . 5 7 *  1 3 . 94* 
8 01 0 - 8 2 0 9  - 0 . 1 8 0 . 4 1 0 . 64 0 . 8 5 3 8 . 54* 1 3 . 6 5* 
8 10 1 - 8 2 1 2  - 0 . 14 0 . 42 0 . 5 3 0 . 8 6 4 1 . 5 2 *  1 3 . 4 1* 
8 104 - 8 30 3  - 0 . 0 3 0 . 2 8 0 . 3 9 0 . 8 2 2 9· . 7 1* 19 . 1 1* 
8 10 7 - 8 30 6  - 0 . 1 7 0 . 43 0 . 2 7 0 . 90 5 8 . 8 7 *  6 6 . 02* 
8 1 10 - 8 30 9  - 0 . 0 5 0 . 3 9 0 . 2 9 0 . 94 . 9 8 . 6 5 *  1 0 7 . 2 8 *  
8 2 0 1 - 8 3 1 2  0 . 0 1 0 . 34 0 . 34 0 . 8 8 5 1 . 0 5 *  6 0 . 6 5* 
8 2 04 - 8403 0 . 0 8 0 . 3 1 0 . 41 0 . 7 9 2 4 . 4 2 *  1 9 . 5 2 *  
8 2 0 7 - 8406 0 . 2 3 0 . 2 8 0 . 39 0 . 80 2 7  .. 3 1 * 1 5 . 9 1 * 
8 2 10 - 8409 0 . 24 0 . 08 0 . 5 1 0 . 7 9 24 . 5 6* . 14 .. 5 3* 
8 30 1 - 8412 0 . 1 9 - 0 . 1 6 0 . 7 3 0 . 7 1 1 6 . 5 0* . 1 6 . 1 6 *  
8 3 04 - 8 50 3  0 . 2 3 - 0 . 3 8 0 . 84 0 . 6 1 1 0 . 3 7* 18 . 3 7* 
8 30 7 - 8 50 6  0 . 48 - 0 . 6 1 0 . 8 6 0 . 6 3 1 1 . _1 1 *  2 0 . 3 3* 
8 3 1 0 - 8 50 9  0 . 4 7 - 0 . 40 0 . 7 3 0 .  7 2 . 1 6 . 9 4* 2 6 . 3 2* 
8401 - 85 1 2  0 . 5 1 - 0 . 44 0 . 7 8 0 . 7 3 1 8 . 0 9 *  2 8 . 2 5* 
8404 - 8 6 0 3  0 . 3 6 - 0 . 1 6 0 . 5 7 0 . 74 - 1 9 . 0 7 *  4 1 . 7 7* 
8407 - 8 6 0 6  0 . 0 5 - 0 . 06 0 . 54 0 . 8 2 3 1 . 2 2* , 1 3 8  . . 6 2 *  
8 4 1 0 - 8 6 0 9  0 . 1 7 - 0 . 0 9 0 . 6 2 0 .  7 9  '2 5  � 1 5* 1 50 . 19* 
8 50 1 - 8 6 1 2  0 . 2 5 - 0 . 1 6 0 . 50 0 . 54 7 . 8 2* 8 9 . 24* 
* repre s ents s i gn i f icant F - tes t  value a-t the 9 5 %  leve l . 
1 1 3  
Tab l e  A . 3 Ove r l app ing Regre s s ion for Spokane Ra te on 
Mode l 3 That I nc luded 1 And 2 Month Lags , 
Jan . ' 8 0 to Dec . ' 8 6 .  
One Month Hedge P e r i od . 
data b l  b 2  b 3  R2 F te s t  F te s t  
( Equa t ion) ( Re s tr i c te d )  
l ong run - 0 . 1 8 0 . 3 6 0 . 2 9 0 . 5 1 2 7 . 4 7 *  
8 0 0 1 - 8 1 1 2  - 0 . 2 2 0 . 3 8 0 . 3 7 0 . 60 8 . 84* 2 . 34 
8 004 - 8 2 0 3  - 0 . 24 0 . 3 9 0 . 3 1 0 . 5 8 9 . 1 6 *  1 . 9 5 
8 00 7 - 8 2 0 6  - 0 . 2 2 0 . 44 0 . 3 7 0 . 5 6 8 . 4 2 *  2 . 6 2 
8 0 1 0 - 8 2 0 9  - 0 . 1 5 0 . 47 0 . 4 1 0 . 5 3 7 . 3 7* 2 . 7 1 
8 1 0 1 - 82 1 2  - 0 . 2 3 0 . 4 5 0 . 30 0 . 5 1 7 . 0 6* 3 . 1 2* 
8 1 04 - 8 303 - 0 . 2 0 0 . 44 0 . 14 0 . 6 3 1 1 � 34* 1 7 . 4 8* 
8 10 7 - 8 306 - 0 . 1 3 0 . 5 0 0 . 1 5 0 . 60 1 0 . 1 2* 1 9 . 5 9 *  
8 1 10 - 8 309 - 0 . 1 3 0 . 4 5 0 . 14 0 . 5 7 8 . 9 6* 2 2 . 10* 
8 2 0 1 - 8 3 1 2  - 0 . 0 1 0 . 2 7 0 . 1 7 0 . 4 3 4 . 9 8* 3 2 . 7 8 *  
8 204 - 840 3 0 . 0 3 0 . 2 2 0 . 16 0 . 34 3 . 3 6 * 4 1 . 5 5"*' 
8 2 0 7 - 8406 0 . 1 0 0 . 2 2 0 . 2 1 0 . 4 2 4 . 8 5* 3 5 . 5 6* 
8 2 1 0 - 8409 0 . 0 3 0 . 14 0 . 18 0 . 3 0 2 . 8 2 5 9 . 9 2 *  
8 30 1 - 8 4 1 2  - 0 . 0 7 0 . 2 6 0 . 2 5 0 . 2 7 2 . 4 5 · 6 7 . 02* 
8 304 - 8 50 3  - 0 . 0 3 0 . 2 7 0 . 17 0 .  3 2  3 . 1 1* 8 3 . 84* 
8 3 0 7 - 8 506 0 . 04 0 . 2 1 0 . 2 5 0 . 5 1 6 . 9 5* 1 34 . 84* 
8 3 1 0 � 8 509 0 . 1 1 0 . 2 6 0 . 2 8 0 . 7 1 1 6 . 0 3* 2 5 5 . 9 1* 
8401 - 8 5 1 2  0 . 0 9 0 . 2 7 0 . 2 7 0 . 7 1 1 5 . 9 5* 2 5 5 . 06* 
8404 - 8 6 0 3  0 . 1 1 0 . 2 7 0 . 2 8 0 . 7 1 1 6 . 64* 2 6 2 . 9 2* 
840 7 - 8 60 6  0 . 0 7 0 . 1 7 0 . 2 1 0 . 6 5 1 2 . 5 7* 5 6 7 . 3 7* 
8410 - 8 609 0 . 0 3 0 . 1 2 0 . 1 1 0 . 10 0 . 74 8 0 . 28* 
8 50 1 - 8 6 1 2  0 . 0 1 0 ! 0 7 0 . 09 0 . 04 0 .  3 1 . 8 3 . 36* 
* repre sents s ign i f i c ant F - tes t value at the 9 5 %  l eve l . 
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Tab l e  A . 3 Ove rlapp ing Regres s i on for Spokane Rate on 
Mode l 3 Tha t  Inc luded 1 And 2 Month Lag 2 , 
J an . ' 8 0 to Dec . ' 8 6 ( continuation ) . 
Three Month Hedge Pe r io d  
Data b l  b 2  b 3  R2 F t e s t F te s t  
( Equa t ion) ( Re s tric ted) 
l ong run - 0 . 24 0 . 3 7 0 . 3 8 0 . 6 2 4 1 . 7 8* 
8001 - 8 1 1 2  - 0 . 24 0 . 34 0 . 50 0 . 6 8 1 2 . 5 5* 3 . 4 1* 
8004 - 8 20 3  - 0 . 34 0 . 44 0 . 42 0 . 7 1 1 6 . 6 3* 3 . 6 8 *  
8007 - 8 206 - 0 . 4 2 0 . 43 0 . 4 5 0 . 6 9 14 . 9 9* 3 . 94* 
8010 - 8 2 09 - 0 . 3 3  0 . 48 0 . 5 5 0 . 5 9 9 . 7 6 *  3 . 8 6 *  
8 101 - 8 2 1 2  - 0 . 3 3  0 . 5 8 0 . 40 0 . 60 1 0 . 0 7 *  3 . 5 5* 
8 104 - 8 30 3  - 0 . 3 5  0 . 5 6 0 . 10 0 . 54 7 . 7 9* 1 2 . 3 7 *  
8 1 0 7 - 8 30 6  - 0 . 2 1  0 . 5 8 0 . 09 0 . 6 3 1 1 . 3 0* 19 . 8 9* 
8 1 1 0 - 8 309 - 0 . 2 1  0 . 5 8 0 . 1 3 0 . 6 7 1 3 . 3 4* 2 � . 7 0* 
8 2 0 1 - 8 3 1 2  - 0 . 09 0 . 3 5 0 . 2 6 0 . 5 8 9 . 0 8 *  2 3 . 0 1* 
8 2 04 - 840 3 0 . 1 9 0 . 05 0 . 3 1 0 . 54 7 . 94* 30 .. 2 7* 
8 2 0 7 - 8406 0 . 40 0 . 0 3 0 . 1 8 0 . 6 2 10 . 7 3* ' 3 3 . 6 7* 
8 2 10 - 8409 0 . 08 0 . 3 0 0 . 1 8 0 . 5 9 9 . 7 2* 3 1 . 8 1* 
8 301 - 8412 0 . 02 - 0 . 04 0 . 4 3 0 . 3 9 4 . . 2 5* � 3 . 90* 
8 304 - 8 50 3  - 0 . 1 2  0 . 2 6 0 . 3 5 0 . 50 6 . 6 5 *  5 2 . 3 3* 
8 30 7 - 8 5 0 6  0 . 1 5 - 0 . 0 2 0 . 49 0 . 7 2 1 6 . 7 3* 1 2 3 . 74* 
8 3 10 - 8 50 9  0 . 20 0 . 0 6 0 . 4 3 0 . 84 34 . 6 9* 2 0 8 . 8 6* 
8401 - 8 5 1 2  0 . 2 0 0 . 06 0 . 44 0 . 8 3 3 2 . 7 7* ' 209 .. 02* 
8404 - 8 6 0 3  0 . 2 5 0 . 02 0 . 4 7 0 . 8 6 40 . 2 8* 249 . 7 6* 
8407 - 8 606 0 . 1 5 0 .. 07 0 . 3 9 0 . 8 2 30 . 9 2 '*  3 4 6 . 03* 
8410 - 8 609 - 0 . 0 1 0 . 1 6 0 . 10 0 . 1 9 1 . 54 1 0 3 . 1 6* 
8 501 - 8 6 1 2  - 0 . 14 0 . 2 7 0 . 00 0 . 1 2 0 . 9 3 ·7 5 . 36* 
* repre s ents s ign i f i c ant F - te s t  value at the 95% leve l . 
1 15 
Tab l e  A .  3 Ove r lapp ing Re gres s ion for Spokane .Rate on 
Mode l 3 That I nc luded 1 And 2 Month Lags , 
J an . ' 80 to Dec . ' 8 6 ( cont inuat i on) . 
S ix Month Hedge Period 
Data bl b2 b3 R2 F te s t  F t e s t  
( Equat i on )  ( Re s t r i c te d )  
long run - 0 . 3 0 0 . 4 3 0 . 43 0 . 69 5 8 . 0 7 * 
8 00 1 - 8 11 2  - 0 . 3 1 0 . 4 2 0 . 6 1 0 .  74 1 7 . 24* 5 . 8 2* 
8 004 - 8 2 0 3  - 0 . 3 8 0 . 4 6 0 . 5 6 0 . 7 5 2 0 . 10* 6 . 06* 
8 0 0 7 - 8 20 6  - 0 . 3 5  0 . 4 7 0 . 50 0 . 6 9 14 . 60* 5 . 7 8* 
8 0 1 0 - 8 2 0 9  - 0 . 30 0 . 4 7 0 . 5 3 0 . 7 1 1 6  ·. 1 8* 6 . 5 3 *  
8 1 0 1 - 8 2 1 2  - 0 . 24 0 . 5 2 0 . 44 0 . 74 1 9 . 3 9 *  7 . 2 9 *  
8 1 04 - 8 30 3  - 0 . 1 9 0 � 40 0 . 30 0 . 6 2 1 1 . 10* 9 . 6 8 *  
8 1 0 7 - 8 3 0 6  - 0 . 3 3 0 . 6 0 0 . 10 0 . 6 7 1 3 . 40* 2 1 . 8 5 * 
8 1 10 - 8 30 9  - 0 . 1 2 0 . 4 7 0 . 1 9 0 . 84 3 5 . 14* . 5 3 . 9 6 * 
8 2 0 1 - 8 3 1 2  - 0 . 02 0 . 4 1 0 . 2 2 0 . 8 1 2 8 . 1 3* 5 0 . 1 2 *  
8 204 - 8403 - 0 . 03 0 . 3 9 0 . 2 9 0 . 8 1 2 7 . 8 0* . 4 2  . ·0 1* 
8 2 0 7 - 8406 0 . 07 0 . 3 1 0 . 34 0 . 8 1 2 8 . 7 1* ' 3 5 . 2 8 *  
8 2 10 - 8409 0 . 09 0 . 2 1 0 . 47 0 . 8 2 3 1 . 1 3* 2 9 . 5 1* 
8 3 0 1 - 8412 - 0 . 1 8 0 . 2 8 0 . 5 5 0 .  7 9  2 5 . 8 1* :3 8 . 5 1* 
8 304 � 8 5 0 3  - 0 . 1 1 0 . 06 0 . 5 9 0 . 6 6 1 2 . 8 3 *  3 6 . 7 9* 
8 3 0 7 - 8 5 0 6  - 0 . 01 0 . 0 1 0 . 5 5 0 . 6 4 1 1 . 9 3 *  4 2 . 5 9* 
8 3 10 - 8 5 0 9  0 . 04 0 . 2 5 0 . 3 6 0 . 8 8 5 1 . 09 *  1 4 9 . 8 9* 
840 1 - 8 5 1 2  0 . 1 2 0 . 1 6 0 . 44 0 . 9 3 9 3 . 7 4* , 2 6 0 .. 2 8 * 
8404 - 8 6 0 3  0 . 2 0 0 . 02 0 . 5 3 0 . 9 5 1 1 5 . 6 8* 3 2 4 . 5 2 *  
840 7 - 8 606 0 . 2 2 0 � 0 3 0 . 50 0 . 9 3 8 6 . 02 *  2 9 3 . 6 3* 
8410 - 8 6 0 9  0 . 01 0 . 1 5 0 . 3 9 0 . 6 5 1 2 . 3 6* 1 3 1 . 4 7* 
8 5 0 1 - 8 6 1 2  - 0 . 1 2 - 0 . 0 1 0 . 2 2 0 . 0 7 0 . 46 "5 2 . 01* 
* represents s ignificant F - te s t  value at the 95% l eve l . 
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Tab l� A . 4  Over l app ing Regre s s i on for S t . Paul Rate on 
Mode l 3 That Inc luded 1 and 2 Month Lags , 
J an . ' 80 to Dec . ' 8 6 .  
One Month Hedge Period . 
Data b l  b 2  b 3  R 2  F te s t  F tes t  
( Equa t i on )  ( Re s tr ic ted ) 
long run - 0 . 15 0 . 2 9 0 . 2 6 0 . 5 3 2 9 . 0 3 *  
8001 - 8 1 1 2  - 0 . 1 7 0 . 3 0 0 . 3 5 0 . 6 7 1 2 . 0 9 *  4 . 06* 
8004 - 8 2 0 3  - 0 . 14 0 . 3 1 0 . 2 9 0 . 5 9 9 . 64* 2 . 3 2 
8007 - 8 2 0 6  - 0 . 07 0 . 24 0 . 24 0 . 4 1  4 . 5 8* 3 . 6 9* 
8010 - 8 2 0 9  - 0 . 0 1 0 . 2 8 0 . 2 3 0 . 4 2 4 . 90* 5 . 6 0* 
8101 - 8 2 1 2 - 0 . 06 0 . 2 8 0 . 20 0 . 4 8 6 . 1 3* 8 . 3 1* 
8104 - 8 3 0 3  - 0 . 04 0 . 2 5 0 . 09 0 . 5 9 9 . 6 6* 3 7 . 74* 
8 10 7 - 8 3 06 0 . 0 1 0 . 2 3 0 . 08 0 . 46 5 . 7 6* 3 7 . 01* 
8 1 1 0 - 8 3 0 9  - 0 . 0 2 0 . 24 0 . 0 7 0 . 4 7 5 . 8 5* 40 . 14* 
8 2 0 1 - 8 3 1 2  0 . 0 1 0 . 2 1 0 . 0 7 0 . 2 5 2 . 1 7 2 1 . 4 2 *  
8 2 04 - 8403 - 0 . 0 6 0 . 2 7 0 . 1 8 . 0 .  3 3  3 . 3 3* . 2 1  . . 36* 
8 2 0 7 - 8406 - 0 . 0 6 0 . 30 0 . 1 6 0 . 3 5 3 . 6 1* · 20 . 74* 
8 2 1 0 - 8409 - 0 . 1 1 0 . 2 7 0 . 1 5 0 . 2 3 2 . 0 2 2 1 . 5 6 *  
8 30 1 - 8 4 1 2  - 0 . 24 0 . 1 3 0 . 07 0 . 08 0 . �4 2 5 . 2 1 * 
8 3 04 - 8 50 3  - 0 . 1 6 0 . 04 0 . 0 6 0 . 06 0 . 4 2 4 3 . 09* 
8 30 7 - 8 50 6  - 0 . 0 5 0 . 02 0 . 20 0 . 14 1 . 0 5 49 . 9 2 * 
8 3 10 - 8 509 - 0 . 04 0 . 04 0 . 24 0 � 1 8 1 . 4 2 5 2 . 5 6* 
840 1 - 8 5 1 2  - 0 . 0 6 0 . 14 0 . 1 5 0 . 2 2 1 . 9 3 8 9" . 14* 
8404 - 8 6 0 3  - 0 . 05 0 . 1 1 0 . 12 0 . 1 8 1 . ·4 6  1 0 7 . 7 8* 
8407 - 8 606 - 0 . 1 2 0 ,. 1 7  0 . 04 0 . 1 7 1 .  3 4 . 9 8 . 0 1* 
8410 - 8 609 - 0 . 1 7 0 . 20 - 0 . 01 0 . 1 6 1 . 2 8 7 2 . 5 7 *  
8 50 1 - 8 6 1 2  - 0 . 08 0 . 30 0 . 03 0 . 2 5 2 . 1 7 8 1 . 2 7* 
* repr e s ents s ign i fic ant F - te s t  value at the 9 5 %  leve l . 
1 1 7  
Tab l e  A . 4 Ove rlapp ing Regre ss ion for S t . Paul Rate on 
Mode l 3 That Inc luded 1 and 2 Month Lags , 
J an . ' 8 0 to Dec . ' 8 6 ( continuat ion) . 
Three Month Hedge Pe riod . 
Data b l  b 2  b 3  R2 F te s t  F tes t  
( Equa t ion) ( Re s tricte d )  
l ong run - 0 . 1 1 0 . 19 0 . 42 0 . 60 3 8 . 41 *  
8001 - 8 1 1 2  - 0 . 09 0 . 1 7 0 . 5 8 0 . 7 0 14 . 0 7 *  4 . 0 9* 
8004 - 8 2 0 3  - 0 . 1 2 0 . 18 0 . 5 3 0 . 6 9 14 . 84* 3 . 5 3* 
800 7 - 8 2 0 6  - 0 . 08 0 . 10 0 . 5 6 0 . 64 1 1 . 6 7 *  3 . 20* 
8010 - 8 2 0 9  - 0 . 04 0 . 09 0 . 5 0 0 . 4 1 4 .  7 2* 3 . 3 2 *  
8 10 1 - 8 2 1 2  0 . 0 5 0 . 18 0 . 44 0 . 5 9 9 . 6 0* 5 . 6 6 *  
8104 - 8 30 3  0 . 04 0 . 1 3 0 . 2 3 0 . 8 0 2 5 . 8 6* 8 7 . 3 9 *  
8107 - 8 3 0 6  0 . 04 0 . 1 6 0 . 2 1 0 . 7 5 1 9 . 5 7 *  6 9 . 9 3* 
8110 - 8 3 0 9  0 . 02 0 . 18 0 . 1 8 0 . 7 1 1 6 . 0 1 *  8 � . 50* 
8201 - 8 3 1 2  0 . 10 0 . 05 0 . 2 7 0 . 4 8 6 . 1 0* 30 . 6 1* 
8 2 04 - 8 4 0 3  0 . 1 0 0 . 1 2 0 . 24 0 . 44 5 . 3 0* 2 1  .. 9 1* 
8 2 0 7 - 8406 0 . 14 - 0 . 04 0 . 4 3 0 . 54 7 . 6 9 *  . 2 5 . 2 8 *  
8 2 10 - 8409 0 . 0 5 0 . 0 1 0 . 46 0 . 5 6 8 . 5 3* 2 5 . 4 2* 
8 30 1 - 8 4 1 2  - 0 . 04 - 0 . 4 0 0 . 70 0 . 4 3 5 � 0 1* 3 5 . 44* 
8 304 - 8 5 0 3  - 0 . 1 2 - 0 . 1 3 0 . 3 3 0 . 1 8 ' 1 . 42 44 . 3 2* 
8 30 7 - 8 50 6  0 . 2 7 - 0 . 5 2 0 . 50 0 . 3 5 3 . 6 2 *  109 . 64* 
8 3 1 0 - 8 50 9  0 . 1 7 - 0 . 1 9 0 . 3 5 0 . 4 2 4 . 7 7* 1 0 5 . 3 5* 
840 1 - 8 5 1 2  0 . 05 0 . 0 3 0 . 19 0 . 40 4 . 44 *  ' 1 5 4  . . 94* 
8404 - 8 60 3  0 . 00 0 . 0 3 0 . 19 0 . 42 4 . 8 7 *  2 1 8 . 7 9 * 
840 7 - 8 6 0 6  - 0 . 1 9 0 . . 24 0 . 0 5 0 . 2 6 2 .  3 7 . 1 1 3 . 6 5* 
8410 - 8 6 0 9  - 0 . 2 9 0 . 2 8 - 0 . 1 8 0 . 1 6 1 . 2 6 1 2 6 . 6 1 *  
8 50 1 - 8 6 1 2  - 0 . 24 0 . 34 - 0 . 2 0 0 . 1 3 0 . 9 9 1·1 6 . 2 9* 
* repre s ents s i gn i fican t  F- tes t  value at the 9 5 %  l eve l . 
1 1 8  
Tab le A . 4  Ove rlapp ing Regre s s ion for S t . Paul Rate on 
Mode l 3 That Inc luded 1 and 2 Month Lags , 
J an . ' 8 0 to Dec . ' 8 6 ( cont inua t i on) . 
S ix Month He dge Pe r iod . 
Da ta bl b2 b3 R2 F te s t  F tes t  
( Equat ion) ( Re s t r ic te d )  
l ong run - 0 . 2 3 0 . 2 8 0 . 5 6 0 . 6 7 5 3 . 4 8 *  
8 0 0 1 - 8 1 1 2  - 0 . 2 2 0 . 2 8 0 . 7 7 0 . 7 7 1 9 . 64 *  7 . 7 1* 
8 00 4 - 8 2 0 3  - 0 . 2 8 0 . 3 3 0 . 6 9 0 . 7 5 2 0 . 4 2 *  6 . 8 6 *  
8 0 0 7 - 8 2 0 6  - 0 . 2 5 0 . 2 9 0 . 70 0 . 7 2 1 7 . 0 1* 6 . 90* 
8 0 1 0 - 8 2 0 9  - 0 . 1 2 0 . 24 0 . 74 0 . 7 1 1 6 . 1 2 *  6 . 6 5* 
8 10 1 - 8 2 12 0 . 08 0 . 24 0 . 43 0 .  74 1 8 . 8 3* 1 0 . 24* 
8 10 4 - 8 3 0 3  0 . 1 8 0 . 1 3 0 . 3 8 0 . 7 2 1 1 . 5 4 *  1 3 . 02 *  
8 10 7 - 8 3 0 6  - 0 . 0 3 0 . 2 3 0 . 3 1 0 . 8 9 5 1 . 7 4 *  9 6 . 84* 
8 1 1 0 - 8 3 0 9  - 0 . 0 6 0 . 2 1 0 . 3 3 0 . 8 5 3 8 . 9 2* 9 � . 6 2 * 
8 2 0 1 - 8 3 1 2  - 0 . 0 2 0 . 2 6 0 . 30 0 . 7 3 1 7 . 6 9 *  4 6 . 1 5* 
8 2 04 - 8403 0 . 0 3 0 . 04 0 . 5 5 0 . 6 3 1 1 . 3 8 *  1 9  . . 2 5* 
8 20 7 - 8406 0 . 1 6 0 . 00 0 . 54 0 . 6 7 1 3 . 6 8 *  ' 1 8 . 0 7 *  
8 2 1 0 - 8409 - 0 . 14 0 . 07 0 . 7 7 0 . 7 6 2 1 . 4 7 *  24 . 7 1* 
8 30 1 - 8 4 1 2  0 . 02 - 0 . 3 7  1 . 04 0 . 7 6 2 1  . .0 3 *  2 9 . 5 0* 
8 3 04 - 8 5 0 3  - 0 . 0 3 0 . 5 3 0 . 8 8 0 . 45 5 . 5 0 *  24 . 3 6* 
8 30 7 - 8 50 6  0 . 1 8 - 0 . 5 7 0 . 6 3 0 . 3 1 3 . 0 3 4 5 . 84* 
8 3 10 - 8 5 0 9  0 . 2 7 - 0 . 3 6 0 . 4 7 0 . 6 2 1 0 . 74* 1 1 2 . 1 2 *  
8 4 0 1 - 8 5 1 2  0 . 24 - 0 . 30 0 . 4 7 0 . 6 1 1 0 . 5 8* ' 1 1 0  .. 40* 
8 4 04 - 8 6 0 3  0 . 09 - 0 . 0 5 0 . 2 8 0 . 6 3 1 1 . 4 7 *  1 9 7 . 6 3* 
8 40 7 - 8 6 06 - 0 . 1 6 0 .. 1 7  0 . 2 0 0 . 46 5 . 7 7-lr 1 3 2 . 80* 
8 4 1 0 - 8 6 0 9  - 0 . 48 0 . 3 5 0 . 0 1 0 . 2 6 2 . 3 3 7 9 . 1 2* 
8 5 0 1 - 8 6 1 2  - 0 . 4 1 0 . 3 0 - 0 . 20 0 . 2 0 1 .  7 0  10 2 . 03* 
* repre s ents s i gn i f i c ant F - t e s t value at the 95% leve l . 
APPENDIX � 
PASCAL PROGRAM 
···�······································· ···························· 
* * 
* PUR POSE : * 
* - - - - - - - * 
* TO ANALYZ E  A PORTFOL I O  HEDGE W I TH A STR ESS PLACE D  ON THE * 
* CALCULAT I ON O f  THE HEDG I NG R ETURNS AND MARG I N  REQU I REMENTS FOR * 
* A HEDGE . TWO SETS Of HEDG I NG STRATEG I ES WERE EXAM I NED : HEDG I NG * 
* THAT D I D  NOT I NCLUDE LAG AND HEDG I NG THAT I NCLUDED 1 - MONTH LAG . * * I NT EREST EXP ENSE ON MARG I N  ACCOUNT WERE BASED ON S I MU LAT I NG THE * 
* DA I LY FUTUR E S  ACCOUNT BALANCE . PR I ME RATE WAS USED TO CALCULATE * 
* T H E  I NT ER EST CHARGED ON All THE REQU I RED MARG I N  D E POS I TS .  I NT EREST* 
* RATE EARNED ON EXCESS MARG I N  ACCOUNT FUNDS WAS SET TO Sl. * * * 
* CALCULAT I ON S :  
* 
* 
* 
* A .  NUMBER Of LOTS HEDGED . * 
* B .  TOTAL COMM I SS I ON .  * 
* C .  TOTAL I N T EREST EXPENSE ON MARG I N  ACCOUNT . I TS AVERAGE AND * 
* STANDARD D EV I AT I ON PER COMPLET E HEDGE . * * D .  T OTAL COST OF COMM I SS I ON AND I NT EREST EXPENSE . I TS AVERAGE * 
* AND STANDARD DEV I AT I ON PER COM PLETE HEDG E . * 
* E .  TOTAL EARN I NGS FROM MARG I N  W I THDRAW . I TS AVE RAGE AND * 
* STANDARD DEV I AT I ON .  * 
* F . " N ET" CHANGE I N  I NT ER EST EXPENSE ON BORROWED MONEY : * 
* I .  W I THOUT H EDGE - TOTAL * 
* - AVERAGE * 
* - STANDARD DEV I AT I ON * 
* I I .  W I TH H E DG E  - TOTAL * 
* - AVERAGE * 
* STANDARD DEV I AT I ON . * 
* I I  I .  D I F F ER ENCE - TOTAL * 
* - AVERAGE * 
* - STANDARD DEV I AT I ON * 
* * 
* I N PU T  DATA FORMAT ( DATA I S  READ FROM TA PE ) :  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - -
* HEDGE LENGTH I N  MONTHS 
* LAG 
*· NUMBER O F  CONT RACTS. H EDGE RAT I O  B 1 . HEDGE RAT I O  B2 
* LOAN 
* COMM I SS I ON RAT E 
* OR I G I NAL MARG I N . MA I NT ENANCE MARG I N  
* I N T EREST RATE ON EARN I NGS 
* DAT E , CASH RAT E S  . 
* DAT E ,  PR I ME RAT E S  
* MON TH , DAY . YEAR . DAT E .  DEL I VERMONTH , DEL I VERYEAR . T - B I LL . SETTLE 
* 
* L I M  I TAT I ON : ­
* 
* 
* 
* 
* 
* 
* 
· * 
* 
* 
* 
* 
* 
· *  
* 
* 
* - I N PUT DATA TB I LL HAS TO BE SORTED BY DATE . I N  TH I S  CASE . T81 LL * 
* DATA I S  SORTED BY US I NG SAS PROCEDURt : * 
* PROC SORT * 
* BY DAT E * 
* * E . G . 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
MONTH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
DAY YEAR 
1 8 5  
1 8 5  
1 85 
1 85 
1 85 
1 85 
2 85 
2 85 
2 85 
DE L I VERMONTH 
3 
6 9 
1 2  
3 
6 
3 
6 9 
DEL I VERYEAR 
85 
85 
85  
85 
86 
86 
85 
85 
85 
SETTLE * 
* 
* 
* 
* 
* 
• 
• 
• 
* 
1 19 
* 
* 
* 
* 
* - HEDGE L ENGTH MUST BE  I N  MONTHS . 
* - CONS I DE R  UP  TO ONE - MONTH LAG H EDG I NG .  
* 
* 
* PROGRAM STYLE : 
* - - - - - - - - - - - - -
* A 2 D I ME N S I ON ARRAY ( 1 00 * 4 ) .  TB I LL I S  AVA I LABE TO STOR E T H E  
* NEXT 4 CON TRACT PR I C E S  WH I CH ARE UNDER THE  SAME DAT E I N  T H E  SAME 
* ROW , THE  R EST W I LL B E  I GNOR E D .  THE PUR POSE O f  DO I NG TH I S  ARE : 
* TO SAVE MEMORY S PACE S I NC E  NOT ALL THE CONT RACT PR I CE S  W I LL 
* B E  U SE D .  
* E L I M I NATE S TOR I NG T H E  R E PET I T I ON Of SOME Of THE CONTRACT 
* PR I CES . 
• R E DUCES THE  NUMB E R  Of SEARCH I NG.  THERE FORE RETR I EVE I N FO _ 
* MOR E  E f f i C I E N T LY .  
* 
E . G . 
( D )  
MONTH DAY YEAR 
( TB I LL )  
CON TRACT PR I CE S  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
*· 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - : 
2 
2 
3 
3 
4 
4 
4 
1 
2 
3 
1 
2 
1 
2 
. 
1 
2 
3 
8 5  
85 
8 5  
85 
85 
85 
85  
85 
85 
85 
MAR8 5  " " 
" 
n 
n 
n 
J UN85 n 
. n 
J UN85 SEP85 " " 
n n 
n � 
n n 
.. .. 
n " 
SE P85 DEC85 .. n 
n " 
DEC85 • • n 
n 
n 
n 
" 
- n 
• I • • 
. I • 
MAR86 : n 1 . I tl I • • • I • • I I I 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
: - - - - - - - - --- - - - - - - - ; - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - : 
* ** NOT E 
* WH EN SELECT I NG T H E  CONT RACT TO BE USED TO H EDGE . E . G . 
* H E DGE PER I OD I S  FROM FEB - APR , J UN E  CONTRACT W I LL B E  
* SELECTED . . I T  I S  LOCATED I N  COLUMN 2 FOR F EB AND MAR , BUT 
* FOR APR,  J U N E  CONT RACT I S  I N  COLUMN 1 .  THER E FORE .  N E ED 
* TO K E E P  T RACK O F  WHERE TH E SE LECTED CONTRACT I S  LOCATED . 
* 
* 4 BOOLEAN VAR I ABLES W I LL 8£ USED : 
* Q 1  FOR MON T H  1 , 2 , 3 
* Q2 FOR MON TH 4 , 5 , 6  
* Q3 FOR MON T H  7 , 8 , 9  
* Q4 FOR MON T H  1 0 , 1 1 , 1 2 
* 
* I N  TH I S  EXAM PLE , I N I T I AL LY ,  THE SELECTED  CON TRAC T  W I LL. BE I N  
* COLUMN 2 AND Q 1  I S  T RU E .  BUT WH EN EMERGES I N TO MON T H  A PR I L, 
1 2 0  
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* : 
* 
* 
* 
* .. 
* 
* 
* 
* 
* 
* 
* 
* . . 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* * * * 
Q2 W I LL B E  SET TO TRUE AND Q l  TO FALS E ,  AT THE  SAME T I ME ,  
SUBTRAC T COLUMN B Y  1 ( 2· 1 = 1 ) .  WH E NEVER T H E  DAT E  GOES I NTO 
ANOT H E R  QUAR T E R ,  JUST SUBT RACT T H E  COLUMN BY 1 .  
* * * * *********************************************************************** 
� ��! I 
PROGRAM MA I N  ( I N PUT , OUT PU T ) ;  
CONST MAX I T EM = 1 2000 ; * S I Z E O f  T H E  TB I LLARRAY * 
TYPE 
VAR 
MAX l = 1 00 ;  * S I Z E O f  THE EXPARRAY , PR I MEARRAY , * * OAT E2ARRAY , I NOEXARRAY * 
MAX2 = 250 ; * S I Z E O f  BAS I SARRAY * 
MAXCAL L  = 1 ;  * S I Z E O f  THE CALLARRAY * 
CONTRACT = 4 ; * N EXT 4 AVA I LABLE CONT RACT S  * 
TB I LLARRAY 
PR I MEARRAY 
DDMMYY 
DAY 
MONTH 
YEAR 
E N D ;  
OATEARRAY 
OAT E2AR RAY 
I NOEXARRAY 
EX PARRAY = 
BAS I SARRAY 
CALLARRAY 
= ARRAY ( . 1 . .  MAX I TEM , 1 . .  CONTRAC T . ) 
ARRAY ( . l . .  MAX l . )  Of REAL; 
= R ECORD 
I NTEGE R ;  
I N TEG E R ;  
I NT EGER 
= ARRAY ( .  1 . .  MAX I T EM . ) O F  DDMMYY;. 
ARRAY ( . 1 • •  MAX 1 . ) O f  I NTEGE.R ; 
= ARRAY ( . 1  . .  MAX 1 . )  O f  I NT EGE R ;  
ARRAY ( . 1 . .  MAX l . )  O f  R EAL; 
= ARRAY ( . O . .  MAX2 . ) O f  R EAL ; 
ARRAY ( . O . . MAX_CAL L . ) O f  I NT EGER ; 
O f  R EAL .: 
TB I LL TB I LLARRAY; I ** ARRAY TO STOR E TB I LL I CONTRAC T PR I CES . 
PR I ME 
CASH 
0 
02 
03 
I ND EX 
EXP 
TOT 
EAR 
UARRAY 
PR I MEARRAY ; ( *  ARRAY TO STOR E PR I ME RATE S  * I  
PR I MEARRAY ; ( *  ARRAY TO STOR E CASH RATE S  * J 
OAT EARRAY; 
. . OAT E2ARRAY; . 
: DA T E2ARRAY.; 
I ND EXARRAY ; 
EXPARRAY ;  
EXPARRAY; 
EXPARRAY ; 
EXPARRAY ; 
! :*
.
ARRAY TO STORE OAT E S  
T HAT AR E ASSOC I AT E D  W I TH 
T B I LL CONTRACT PR I C E S .  :! 
l �  ARRAY T O  STORE OAT ES THAT •* f . 1 *  AR E ASSOC I AT ED W � T� PR I ME .  1 *: ARRAY TO STORE OAT ES THAT *:! ARE ASSOC I AT ED W I T H CASH 
RATES .  
ARRAY TO STORE T H E  POS I T I ON* f 
Of THE  STAR T O f  T H E  HEDG E  * J  
ARRAY TO STORE I ND I V I DUAL *• I 
I NTER�ST EX P ENSE . I 
ARRAY TO STORE I ND I V I DUAL :* ! 
COMM I SS I ON AND I NT ER E ST 
EXPENSES . 
I ** ARRAY TO STORE I ND I V I DUAL EARN I NGS . : {  
} :  ARRAY TO STOR E I NO I V� OUAL *. I CHANGE I N  I N T ER EST EX PENSE J 
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HARRAY 
D l f f 
CALL 
C l  
C2 
p 
OM , MM 
EACHBAS l 
EACHBAS2 
I N T RATE2 
COMMRATE 
HEDGELN 
LAG 
NUMCONT 
B 1  
B2 
AMOUNT 
NUMROW 
NUMPR I ME 
NUMCASH 
NUMHEDGE 
TOTCOHM 
z 
POS 1 , POS2 
EXPARRAY ; 
EXPARRAY; 
CALLARRAY ; 
BAS I SARRAY; 
BAS I SARRAY; 
BAS I SARRAY; 
R EA L ;  
R EA L ;  
R EAL;  
REAL;  
R EAL ; 
I N T EG E R ;  
I NT EG E R ;  
I NT EGER ; 
R EAL;  
R EAL; .  
R EAL ; 
I NT EG E R ; 
. I NT EG E R ;  
I NTEGER;  
I N T EG£R ; 
R EAL ; 
I NT EG E R ;  
I NTEGER ; 
1 *  ON BORROWED MON EY W I THOUT 
I *  HEDGE : }  
I * AR RAY TO STOR E I N D I V I DUAL .*= 1 * CHANGE I N  I N T ER EST EX PENSE  * ON BORROWED MONEY W I TH * HEDGE 1 :
*
* ARRAY TO STORE I ND I V I DUAL 
D i f f ERENCE B ETWE EN EX PENSE  
W I THOUT H EDGE AND W I TH 
H EDGE � � 
I
*
* ARRAY TO STORE  TH E NUMBER 
Of  MARG I N  CALLS PER CONTRACT 
1 : ARRAY TO STOR E THE DA I LY CHANGE � N  T B I LL  SETT LE PR I �E S  
1 : ��g : �AL MARG I N , MA I NTENACE: I 
{ *  VALUE Of A BAS I S  PO I NT 
1 * I NT EREST RAT E ON EARN I NGS 
1 *  COMM I SS I ON RATE 
1 *  HEDG I NG PER I OD 
I *  NUMBER O f  LAG 
1 :* TOTAL NUMBER O f  CON T RACT S  
AT D I F F ERE�T T I ME � ¥ E R I ODS 
FOR ONE COM PLET E H E DG E . 
1 *  N() LEAD H EDGE RAT i O 
* J 
* I 
* I 
* I 
·. * I 
* I  
I *  ONE MONTH L EAD H EDGE RAi � O  * J  
I *  AMOUNT O f  LOAN * I . 
I *
* 
NUMBER Of ROWS I N  TB I LL 
ARRAY THAT ARE USED 
{ *  NUMBER O f  PR I ME RATE S  
1 *  NUMBER Of  C�SH RATE S  
I *
* 
NUMBER Of LOT S  THAT ARE { HEDGED 
{ *  TOTAL COMM I SS I ON 
I *  I NTEGER SUBSC R I PT 
* I 
* I 
* I 
* I 
122 
START 1 . END 1 I N T EGER ; 
STAR T2 . E ND2 I N T EGER ; 
I NT E R E ST R EAL;  
TOT  I NT R EA L ;  
AVE I NT R EA L ;  
SO l NT  R EA L ;  
I N T EARN R EAL;  
TOT EARN R EA L ;  
AVE EARN R EAL;  
SO  EARN R EAL;  
u R EA L ;  
TOTU R EA L ;  
AVEU : R EAL ;  
sou : R EA L ;  
H R EA L ; 
TOTH : REAL;  
AVEH : R EAL ;  
SOH : R EA L ;  
TOTO I F F R EA L ;  
AVE D I F F  R EA L ;  
I * I ND I V I DUAL I NT E R E S T  EXPENSE* I * ON MARG I N  ACCOUNT * 
t :  TOTAL I N TEREST EXPENSE : f  ON MARG I N  ACCOUNT 
t :  AVERAGE I NTEREST EX PENSE  : t  ON MARG I N  ACCOUN T 
1 :  STANDARD DEV I AT I ON O F  : I  I N TEREST EXPENSE  ON MARG I N  ACCOUN T  
} :  I ND I V I DUAL I NT E R E S T  EARN : t  ON EXCESS MARG I N  
t :  TOTAL I NT EREST EARN ON : I EXCESS MARG I N  
I :  AVE RAGE I NTERE S T  EARN ON : t  EXCESS MARG I N  
1 :  STANDARD D EV I AT I ON O F  : I  I N TEREST EARN O N  EXCE S S  MARG I N  
1 :  I �O I V I OUAL CHANGE I N  I N T . : I  EXPENSE ON BORROWED HON EY W I THOUT H E DG E  
1 :  TOTAL · I N T E REST  EXPENSE  : I  CHANGE ·oN BORROWED MON EY W I T HOUT H E DG E  
t :  AVE RAGE I NT ER EST EXPENSE : (  CHANGE W I T HOUl H EDGE 
H STANDARD DEV I AT I ON O f  : I  I NT EREST EX PENSE ·cHANGE W I THOUT H E DGE 
1 :  I N D I V I DUAL CHANGE I N  I N T .  : 1 · EXPENSE ON BORROWED MON EY W I TH HEDGE 
1 :  TOTAL I N TEREST EXPE N S E  : I  CHANGE ON BORROWED MONEY W I T H H EDGE 
J :  AVE RAGE I NT ER E S T  EXP E N S E  : t  CHANGE W I TH H EDGE 
1 :  STANDARD DEV I AT I ON O f  : I  I N��REST EXPENSE CHANGE W I TH HEDGE 
I * TOTAL D I F F ERENCE EXP E N S E S  * I  
I * AVERAGE D I F F ERENCE  EX�E N S E S* l 
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SOO I F F  REAL;  J :  STANDARD DEV I AT I ON or  : f  D I F F ER E NCE EXPENSE 
A , B I NT EGE R ;  I * I N TEGER SUBSCR I PTS * I 
1 1 , J 1 , 1 2 , J 2 I NT EGE R ; * 1 1 , J 1  : POS I T I ON TO F I RST * 
* TRAD I NG DAY O F  . THE  * 
* MONTH WH E R E  HEDGE * 
* W I LL B E  PLAC ED * 
* 1 2 , J 2 POS I T I ON TO LAST * 
* T RAD I NG DAY O F  T H E  * 
* MON T H  WH E R E  HEDGE * 
* W I LL B E  L I F T ED * 
I l l , JJ 1 ,  1 1 2 , J J 2  I N TEGER ; 
M l  , M2 , MM 1  , MM2 I NTEGE R ; 
N UMCA L L  I N T EGE R ;  1 * NUMBER OF CALL PER CONTRAC T* } 
TOTAL R EAL;  } :  TOTAL COST O F  COMM I SS I ON : f  AND I N T EREST EX PENSE 
AVE TOT R EAL;  } :  AVERAGE COST O F  COMM I SS I ON : {  AND I N T ER EST EXPENSE  
SDTOT R EAL ; l : S TANDARD DEV I AT I ON O F  COST : I O F  COMM I SS I ON AND I N TEREST EX PENSE 
MAXO E P  R EAL;  1 * MAX I MUM DEPOS I T  . * l 
MAXWD R EAL; I * MAX I MUM DRAWDOWN * I 
* * * ** * ** * * * * * * * * * * * * * * * ***'****************
.
* * * * ******·****** * * * * ****** 
* * 
* T H I S  PROC E DU R E  R EADS I N  THE CASH RA T E S  AND I T S ASSOC I AT E D  'DAT ES * 
* AND STOR E S  T H EM I N  CASH ARRAY AND D3 ARRAY , RES PECT I VE LY .  * 
* 
. 
* 
* * * * * * * * * * * ** * ** * * * * ** * *************�* * * ****** ******************�* * *  
PROC EDUR E  R EAD_CASH · ( VAR I I OUT PU-T , . . NUMBE R  OF  CASH . RAT E S  J : I NT EGER ) ;  
VAR R 
OAT E T EM P  
C T EM P  
: I N T ECER ; l * I NT EGER SUBSCR I PT * J : I N T EGER ; * T EMPORARY VAR I ABLE TO · S TOR E DAT E  * f : REAL;  * T EM PORARY VAR I AB L E  TO STORE _CASH RAT E . * J  
BEG I N  { R EAD_CASH 
l * I N I T I A L I Z E  CASH AND D3 ARRAYS * J 
FOR R : =  1 · To  MAX l  DO 
B EG I N  
CASH ( . R . ) : =  0 . 0 ; 0 3 ( . R . ) : =  0 ;  
E N D ;  
I : = 1 ;  
R E AOLN ( DA T E T EM P , C T EM P ) ;  
WH I LE OAT E T EM P  <> 0 DO 
B EG I N  0 3 ( . 1 . )  : =  DAT E T EMP ; 
CASH ( . I . )  � =  CTEM P ;  
R EADLN ( OA T E T EM P , CTEMP ) ;  
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I : =  I + 1 ;  
l N D ;  
I : = I - 1 ;  
END;  I *  R EAD_CASH * I  
· · ·· · · · · · · · · · · · · · · · · · · · · · ··�·················· · · · · · · · · · · · · ··· ······ 
• * 
* TH I S  PROC EDUR E  R EADS I N  THE  PR I ME RAT ES AND I TS ASSOC I AT ED OATES* 
* , AND S TORE S  T H EM . I N  PR I ME ARRAY AND 02 ARRAY R E S P ECT I VE LY .  * 
* • 
******************************************************************* 
PROC EDURE R EAO_ PR I ME ( VAR I I OUT PU T ,  NUMBER O F  PR I ME RAT E S I :  I NT EGER ) ;  
VAR 
B EG I N  
R 
DAT E T EM P  
PT EM P  
: I N T EGE R ;  I * I N TEGER SUBSCR I PT * I  : I N T EGER ; * T EM PORARY VAR I ABLE TO STOR E DAT E * I  : R EAL ; * T EMPORARY VAR I ABLE TO S TOR E PR I ME RAT E* I 
l R EAO_ PR I M E I 
l *  I N I T I AL I Z E PR I ME AND 02 ARRAY * I  
FOR R : =  1 TO MAX 1 DO 
BEG I N  
PR I ME (  . R . ) 0 . 0 ; 
D2 ( . R . ) : = 0 ;  
E N D ;  
I : = 1 ;  
R EADLN ( OA T E T EM P , P T EM P ) ;  
f *  PR I ME RAT E S  AND T - B I L L PR I CE S  ARE S E PARATED BY 0 * I  
WH I LE OAT E T EM P  <> 0 DO 
B EG I N  
D2 ( . I . ) : = OAT E T EM P ;  
PR I ME ( . I . )  : =  PTEM P ;  
R EADLN ( DA T E T EM P , PTEM P ) ;  
I : =  I :+ 1 ;  
E N D ;  
I : = I - 1 ;  
END;  l R EAD_ P R I ME 
************************************��� •••••••••• •• � • •  � • • • • • • • •••• 
* • 
* TH I S  PROC E DU R E  R EADS . I N  T - B I LL PR l CES AND I TS ASSOC I AT E6 - 0ATES , * 
* AND STOR E S  THEM I N  T B I L L  ARRAY AND 0 ARRAY R E S P ECT I VE LY . * 
* * 
****************************************************************** 
PROC EDURE R EAO_TB I LL ( VAR l OUT PUT I · : I NT EG E R  ) ; 
VAR MM I N T EGER ; * MON TH : l DO I N T EG E R ;  * DAY yy I N T EGER ; * YEAR 
DE L I VMO I N T EGER ; * DEL I VERY MON T H . * I  
D E L I VYR I N T EG E R ;  * DEL I VERY YEAR * I  
SET T L E  R EA L ;  * SETTLE PR I C E * I  
DAT E I N T EGER ; * DAT E  : YEAR* l OOOO+MON TH* l OO+OAY * I  
PR EV I OU S  I NT EGER ; * PREV I OUS DAT E  * I  
J I N T EGER ; * COLUMN NUMBER FOR T H E  T B I LL ARRAY * I  
X, Y I N T EGER ; • SUBSCR I PT * J  
CHECK I N T EGER ; * CHECK WHETHER STOR I NG THE  T B l LL PR I C ES* } 
* i n  the r i g h t  c o l umn * I  
1 2 5  
BEG I N  { R EAD_TB I LL l  
I * I N I T I A L I Z E TB I LL ARRAY * }  
fOR X : =  1 TO MAX I T EM 00 
fOR Y : =  1 TO CON TRAC T. DO 
TB I LL(  . X, Y .  ) : = 0 .  0 ;  
1 *  I N I T I AL I ZE 0 ARRAY * l  
fOR X : =  1 TO MAX I T EM DO 
B EG I N  
D ( . X .  ) • DAY : = 0 ;  0 (  . X . ) . MON TH : =  0 ;  0 (  . X . ) . YEAR : =  0 ;  
END ; 
R EAOLN ( MM , 00 , YY, DAT E ,  D E L I VMO , O E L I VYR , SETTLE ) ;  
PR EV I OU S  : =  OA T£ ; 
I * ROW NUMBER fOR THE TB I LL ARRAY * l  
I : = 1 ;  
1 * 0 MARKS T H E  END Of f i LE * l  
WH I L E OAT £ <> 0 DO 
BEG I N  0 ( . I .  ) . DAY : =  DO ; 0 ( . I .  ) . MONTH  : =  MM ; 0 ( . I .  ) . YEAR : =  YY ; 
CHEC K  : =  ABS ( O E L I VMO - MM ) ;  
I f  CHECK <= 2 THEN 
J : =  1 
E LS E  
J : = 2 ;  
I * WH I L E STATEMENT ·foR STOR I NG TH[ N EXT 4 AVA I LABLE CONT RACT PR I CE** J * UNDER T H E  SAME DAT E  I N  THE SAME ROW l 
WH I L E OAT £ = PREV I OUS DO 
BEG I N  
TB I L L ( . I , J . ) : = SETTLE ; 
1 :** 
I f  STAT EMEN T TO CHECK WH ET�£� THE  PROGRAM HAS ALR EADY STOR ED * l 
T H E  4 CON TRACT PR I C E S  UNDER THE  SAME DAT E  I N  T H E  ARRAY , I f  I T* 
DOE S ,  THEN J UST I GNOR£ THE REST , OR ELSE K E E P  R E.AO I NG THE  * 
T - B I L L PR I CES I N TO THE TB I L L  ARRAY . - * 
I f  J = 4 THEN 
WH I L E DATE = PREV I OUS DO 
beg i n  
ELSE  
R EADLN · ( MM , DO, YY ,  OAT E � DEL I VMO , DEL I VYR , SETTLE ) ;  
END 1 *  WH I LE * J  
B EG I N  
R EAOLN ( MM , ·oo , YY , DAT E ,  DEL I VMO , DEL I VYR , SETTLE ) ; · 
END ; I *  ELSE * I  
J : =  J + 1 ;  
E N D ;  1 *  I NN ER WH I LE LOOP * I  
PREV I OUS : =  DA T E ;  
I * WH E N  THE OAT £ CHANGE S ,  THEN START TO STORE THE  T - B I LL PR I C ES I N  
*
* l 1 * T H E  N EXT ROW . l 
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I : = I + 1 ;  
END : I *  OUTER WH I LE LOOP * I  
I : = I - 1 ;  
END;  I *  R EAD_TB I LL * I  
********************************************************************** 
* * 
* TH I S  PROC EDUR E I S  TO CALCULA T E  THE NUMBER O f  LOTS HEDGED . * 
* NUMBER O f  HEDGE = TOTAL NUMBER O f  MONTH - H EDGE . LENGTH * 
• * 
********************************************************************** 
PROC EDUR E  CAL_NUMHEOGE ( H EDGELN , LAG , NUMROW : I NT EGER ; 
va r numhedg e  : i n tege r ) ; 
va r 
beg i n  
p re v  
cou n t  
p rev : = 0 ;  
coun t : =  0 ;  
i n teg e r  
i n tege r 
i n tege r I * p rev i ou s  d a t e  * I  * coun te r fo r numbe r o f  hedge * I  * · sub sc r i p t * I  
l * i n i t i a l i ze t he i ndex a r ray * I  
FOR I : =  1 TO MAX l 00 
I NDEX( . I . )  : =  0 ;  
fo r i : =  1 t o  num row . do 
beg i n  
1 *  i f  s ta teme n t  fo r count i ng t he nu•be r o f  month * l 
I f  PREV <> O ( . I . ) . MON TH THEN 
beg i n  
c oun t : =  coun t + 1 ;  
1 2 7  
I * I NDEX ARRAY T O  STORE T H E  POS I T I ON O F  T H E  F I RST TRAD I NG * f  * DAY O F  THE MONTH WH I CH THE  HEDGE W I LL BE P LACED ON ' I N  THE * I  * A RRAY . * l  . 
I NDEX( . COUNT . ) : =  I ;  
e nd ;  
PR EV : =  D ( . I . ) . MONT H ;  
end ; I *  fo r l oop * f  
1 *  ca l cu l a te the nuMbe r o f  hedge * f  
N UMH EDGE : =  COUNT - HEDGELN 
e nd ;  I * ca l _nu•hedge * I  
********************************************************************* 
* * 
* TH I S  PROC E DURE I S  TO CALCULATE T H E  TOTAL COMM I SS I ON .  * 
* TOTAL COMM I SS I ON = COMM I SS I ON RATE .• I H EDqE * I CONT RACT * 
• • 
********************************************************************* 
PROCEDURE CAL_TOT_COMM ( NUMH EDGE : I N TEGER ; COMMRATE  : R EAL ; 
NUMCONT : I NT EGER ; VAR TOTCOMM : R EAL ) ;  
beg i n  
TOTCOMM : =  COHMRATE * NUMH EDGE * .N UMCON T ;  e nd : I *  ca l t o t_comm * l  
********************************************************************* * 
* * TH I S  PROC EDURE I S  TO : E LECT THE CORRECT CONT RAC T TO H EDGE AND * * CALC U LA T E  THE DA I LY CHANGES I N  THE TB I LL SETTLE PR I CE S ,  AND STORE * * THEM I N  THE C ARRAY . * * * ********************************************************************* 
PROCEDUR E S ELECT_AND_CALCHANGE ( POS , HON , YR , HEDGELN , NUMPR I ME : I NT EGE R ;  
EACHBAS : R EAL;  START : I NTEGER;  
VAR C : BAS I SARRAY; 
VAR £ : I NT EGER ; 
VAR i I , JJ , I l l  , JJJ 1 OUT PUT I :  I NT EGER;  
VAR M l , M2 : I NTEG ER ) ;  
va r q l , q 2 , q 3 , q4 : boo l ea n ;  l *  q ua rte r o f  t he yea r * I  
I '  J 
s 
U P TOMON 
U PTOYR 
LOWER 
U P PE R  
T 
O LDTB I L L 
CHANGE 
VALCHANGE 
M 
PREV I OU S  
I N T EGER;  { *  ROW AND COLUMN �UMBER FOR T B I LL ARRAY* I 
I NTEGER;  
I N T EGER ; { * MONTH WHERE THE HEDG E  W I LL B E  L I FTED* J 
I N TEGE R ;  { * YEAR WH ERE THE H EDGE W I LL B E  L I FTED * I  
I NT EG E R ;  
I NT EGER ; 
* LOWER AND U P PER ARE T H E  BOUNDARY FOR * I * HEDG I NG PER I OD .  LOWER I S  T H E  START O F* * THE HEDG E ,  U PPER I S  T H E  END O F  THE  * * HEDGE . * 
I N TEGER ;  l *  DATE * J  
R EAL ; l *  VAR I ABLE TO STORE PR EV I OUS T B I LL PR
.
I CE* l 
REA L ;  
REA L ;  
{ * . DA I LY CHANG E I N  T B I LL PR I CES * I  
{ *  VALUE O F  THE CHANGE * l  
I NT EGER;  { * SUBSCR I PT FOR PR I ME ARRAY * I  
I NTEGER;  1 *  STORE THE PR EV I OUS DAT E  * f 
B EG I N  l *  S E LECT_AN D_CALCH�NGE * I  
{ *  i n i t i a l l y s e t  the boo l ea n  va r i a b l e s t o  fa l se * I 
q l  : = fa l se ;  
q 2  : = f a  I se ; 
q 3  : = fa I se ; 
q4 : = fa l se ;  
i : = po s ;  
I I  : =  POS ; 
I *  ca l c u l a te when the hedge w i l l  be l i f ted * I  
U PTOHON : =  MON + ( H EOGE LN - 1 ) ; 
UPTOYR : =  YR ; 
I f  U PT OHON > 1 2  THEN 
beg i n  
U P TOMON : =  U P TOMON - 1 2 ;  
U PTOYR : =  YR + 1 ;  
end ; 
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J * i f s ta tement  fo r se l ec t i ng the co l umn numbe r fo r the * i n i t i a l  se l ec ted c on t ra c t  p r i ce s . 
I F  H EOGELN = 1 THEN 
j : = 1 
e l se 
I f  H E OG E LN = 3 THEN 
j : =  2 
e l se 
I f  H EOGELN = 6 THEN 
j : = 3 ;  
JJ . - J ;  
I *  i f  s ta teme n t  he re i s  to set the co r respond i ng q va r i a b l e  to  t rue * I  
I f  MON I N  ( . 1 , 2 , 3 . ) THEN 
q 1 : = t rue 
e l se 
I f  MON I N  ( . 4 , 5 , 6 . ) THEN 
q2 : =  t rue 
e l se 
I F  MON I N  ( .  7 , 6 , 9 . ) THEN 
q3 : = t rue 
e l se 
I F  MON I N  ( . 1 0 ,  1 1 ,  1 2 .  ) THEN 
q 4  : = t rue ; 
1 *  s to re the p re v i o u s  t - b i l l  p r i ce i n to o l d t b i l l  va r i a b l e  * t 
OLD TB I L L : =  T B I L L ( . I , J .  ) ;  
f * se t t he l owe r a nd uppe r 1 i m i t o f the hed ge pe r i od * l  
l owe r : = ( y r * 1 00 ) + man ;  
U P PER : =  ( U PTOYR * 1 00 )  + UPTOMON ; 
T : =  ( O ( . I . ) . YEAR * 1 00 )  + D ( . I . ) . MON TH;  
{ *  SEARCH FOR T H E  CORRECT PR I ME RATE TO COM PU T E  T H E  I NT E R E S T  
*
* J  
I *  EXPENSE ON MARG I N  EXPENSE . J 
M : = 1 ;  
S : =  STAR T ;  
WH I LE ( ( D2 (  . M . ) <> T )  AND ( M  < =  NUMPR I ME ) ) DO 
M : =  M + 1 ;  
I *  PR I N T OUT A ME SSAGE I F  THE PR I ME RAT ES AR E NOT AVA I LABL E  * J 
I F  M > N UM PR I ME THEN 
WR I T E LN ( '  PR I ME RA TES AR E NOT AVA I LABLE FOR COM PU T I NG THE ' , 
' I N TEREST EX PENSE ON MARG I N  ACCOUNT ' )  
E LSE 
PR EV I OU S : = T ;  
M l  : =  M ;  
l :  wh i l e da te i s  w i th i n  the ra nge o f  the hedg i ng pe r i od ,  d o  t he : ( 
fo l l ow i ng . . .  
WH I LE ( ( ( T  >= LOWER ) AND ( T  <= U PPER ) )  AND ( TB I LL ( . I , J . ) <> 0 . 0 ) ) DO 
beg i n  
I * i f  s ta tement  i s  to se l ec t  the co r rec t co l umn numbe r fo r  the * I * se l ec ted con t ra c t . I f  da te eme rge s  i n to a no the r q ua rte r , t hen * * s ub t ra c t  t he co l umn by 1 .  * 
1 29 . 
I F  ( Q 1 AND ( O ( . I . ) . MONl"H I N  ( . 4 , 5 , 6 . ) ) )  THEN 
beg i n  
j : =  j - 1 ;  
q 2  : = t rue ; 
q 1 : = fa I se 
e nd 
e l se 
I f  ( Q2 AND ( O ( . I . ) . MONTH I N  ( . 7 , 8 , 9 . ) ) )  TH EN  
beg i n  
j : =  j - 1 ;  
q 3  : = t rue ; 
q 2  : =  fa l se 
e nd 
e l se 
I f  ( Q3 AND ( 0 (  • I . ) . MON TH I N  ( . 1 0 ,  1 1 ,  1 2 .  ) ) ) T H E N  
beg i n  j : =  j - 1 ;  
q 4  : =  t rue ; 
q 3  : = fa I se 
end 
e l se 
I f  ( Q4 AND ( 0 (  • I . ) . MON TH I N  ( . 1 ,  2 ,  3 .  ) ) ) T H E N  
beg i n  
j : =  j - 1 ;  
q 1 : = t rue ; 
q4 : = fa 1 se ; 
end ; 
1 * CALC U LATE T H E  DA I LY T B I LL PR I CE CHANGE AND I T S VALU E * J  
CHANGE : =  ( TB I LL ( . I , J . ) - OLDTB I LL ) ;  
VALCHANGE : =  CHANGE * EACHBAS;  
OLDTB I LL : =  TB I L L ( . I , J .  ) ;  
C (  . S . ) : =  VALCHANGE ; 
I F  T <> PR EV I OUS T H E N  
B EG I N  
M : =  M + 1 ;  
P R EV I OU S  : =  T ;  
E N D ;  
P (  . S .  ) : = PR I ME (  . M .  ) ; 
i : =  i + 1 ;  s : =  s + 1 ;  
T : =  ( D ( .  I .  ) . YEAR * l OO t + 0 ( . I .  ) . MONTH ; 
end ; 
I I I : = I - 1 ;  
JJJ : =  J ;  
M2 : =  M + 1 ;  
E : =  S - 1 ;  
END;  1 * S E LECT_AND_CALCHANGE * J 
*************************************************�******************** 
* * 
* TH I S  PROCEDURE CALCU LAT E S  T H E  I NTEREST EXPENSES AND I NT ER E S T  * 
* EARN I NGS ON MARG I N  ACCOUNT . 
. 
* 
* * 
********************************************************************** 
PROCEDURE CAL EX PENSE ( C l , C2 : BAS I SARRAY ; START l ,  START2 , E NO l : I NT E GE R ; 
END2 : I NT EG ER ; I NTRATE2 : REAL; VAR OM , MM : REA L · 
VAR I N T [R EST : R EA L ;  
. ' 
VAR I NT EARN : REAL ; 
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I ,  
I : .. 
I . 
VAR 
E 
TOT I NV 
WD 
D E POS I T  
O P PCOST 
EARN 
SUM 
I 
VAR NUMCALL : I NT EGER ) ;  
R EAL;  
REAL;  
REAL;  
R EAL ; 
R EA L ;  
REAL ; 
REAL ; 
I N T EG E R ; 
* EQU I TY * l 
* TOTAL I NVESTED * J 
* W I THDRAW * l 
* D E POS I T  * J 
* O P PORTUN I TY COSTS O F  THE  fOREGO N E  
* ON THE MARG I N  ACCOUNT . 
* I N TEREST EARN ON EXCESS MAR I GN * l 
B EG I N  
E : =  OH ; 
TOT I NV : =  OM ; 
NUHCALL : =  0 ;  
I N T ER E ST : =  0 ;  
I NT EARN : =  O ;  
FOR I : =  START2 T O  E N D 1  DO 
BEG I N  
DE POS I T  : =  0 ;  WD : = 0 ;  
I F  ( ( N UMCON T  = 2 )  AND ( I = STAR T l ) )  THEN  
B EG I N  
D E POS I T  : =  OM ; 
E : =  E + D E POS I T ; 
TOT I NV : =  T OT I NV + DE POS I T ; 
OM : =  2 * OM ; 
MM : =  2 * MM ; 
END 
E LS E  
I F  ( ( N UHCON T = 2 )  A N D  ( I END2 ) ) THEN 
B EG I N  
OM : =  OM I 2 ;  
MM : =  MM I 2 ;  
END ; 
SUM : =  C 1 ( .  I . ) + C2 ( . 1 . ) ; 
I F  SUM < 0 T H E N  
E : =  E + ABS ( SUM ) 
E LS E  
I F  SUM > 0 T H E N  
E : = E - SUM ; 
I F  E < MM T H E N  
BEG I N  
D E PO S I T  : =  D E POS I T  + ( OM - E ) ;  
TOT I NV : =  TOT I NV + ( OM - E ) ;  
E : =  OM ; 
NUMCALL : =  N UMCAL L  + 1 ;  
END 
E L S E  
I F  E > O M  T H EN 
B EG I N  
WD : =  E - OM ; 
TOT I NV : =  TOT I NV - WD ; 
E : = OM ; 
E N D ;  
I F  TOT I NV > 0 T H E N  
BEG I N  
O P PCOST : =  TOT I NV * ( P ( .  I . )  I 1 00 )  * ( 1  I 3 6 5 ) ; · 
I N T E R E ST : =  I NT E R E ST + O PPCOST ; 
I F  TOT I NV > MAXDE P  T H EN 
. MAXOE P  . - TOT I NV;  
, END · 
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I N T E R E ST: I 
E N D ;  
E LS E  
I f  TOT I NV < 0 THEN 
B EG I N  
END;  
EARN : =  - TOT I NV * I NT RAT E 2  * ( 1 / 365 ) ; 
I N TEARN : =  I N TEARN + EAR N ; 
I f  ABS( T OT I NV )  >. MAXWO THEN 
MAXWD : =  ABS( TOT I NV ) ; 
END;  
******************************************************************* 
* * 
* T H I S  PROC EDURE I S  TO CALCULAT E T H E  C HANGE I N  T H E  I NT ER E ST * 
* EXPEN S E S  ON BORROWED MON EY W I THOUT H EDGE . * 
* • 
******************************************************************* 
PROC EDU R E  CAL_U ( M l , M2 : I NT EGER ; H EDGE LN : I NT EG E R ;  
AMOUNT : REAL; VAR U : R EAL ) ;  
B EG I N  
U : =  ( CASH ( . M2 . ) - CASH ( . M l . ) )  / 1 00 * ( 90/ 360 ) * AMOUNT ; 
END; l * CAL_U * } 
******************************************************************** 
* . 
* TH I S  PROCEDU R E  I S  TO CALCU LATE T H E  CH�NGE I N  T H E  I NT EREST 
* EX P E N S E S  ON BORROWED MON EY W I TH H E DG E . 
* 
* 
* 
* 
* 
******************************************************************** 
PROCEDURE CAL_H ( l l , J l ,  1 2 , J 2 ,  I 1 1 , JJ 1 ,  1 1 2 , J J 2  : I NT EG E R ;  
U : R EAL; 
VAR 
beg i n  
NUMCONT : I NT EG E R ; B 1 , 82 :  REAL;  
COMMRAT E  : R EAL;  I N T E R E ST : R EAL;  
I NT EARN : R EAL; VAR H : R EAL ) ;  
T 1 , T 2  REAL;  
T REAL;  
re venue : re a I ;  
1 o s s  rea 1 ;  
I * revenue f 
·
rom h·edg i n9 * I 
I * l o s s  f rom hedg i ng * t 
I f  N UMCONT = 2 THEN 
B EG I N  
T l  : =  ( TB I LL ( . I 2 , J2 . ) - TB I L L ( . I 1 , J 1 . ) )  * EACHBAS 1 ;  
T2 : =  ( TB I LL ( . 1 1 2 , JJ2 . ) - T B I LL( . 1 1 1 , JJ 1 .  ) )  * EACHBAS2 ; 
T : = T l  · + T2 ; 
E N D  
E L S E  
I f  ( ( NUMCON T  = 1 )  AND ( B 1 <> 0 ) ) T H EN 
T : =  ( TB I LL ( . 1 2 , J2 . ) • TB I LL( . l l , J l . ) ) * EACHBAS 1 
E LS E  
I f  ( ( N UMCONT = 1 ) A N D  ( 82 <> 0 ) ) T H E N  
T : =  ( TB I L L ( . 1 1 2 , JJ2 . ) - TB I L L ( . I 1 1 , JJ 1 . ) )  * £ACHBAS2 ; 
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l * I F STAT EME N T  fOR CALCULAT I NG E I T H ER LOSS OR GA I N  fROM THE H EDGE* J 
LOS S  : = 0 . 0 ; 
R EV E N U E  : =  0 . 0 ; 
i f  t > 0 then 
LOSS : =  T 
e l se 
i f  t < 0 then 
R EVENUE : = -·T ;  
1
*
* CALC U LATE THE I NTEREST EXPENSE CHANGE ON BORROWED MON EY 
J W I TH H E DGE. 
H : =  U + ( COMMRAT E * NUMCONT ) + I NT ER E ST - I NT EARN + LOSS - REVENUE ; 
E N D ;  I * CAL_H * I 
********************************************************************* 
* * 
* T H I S  PROC EDURE I S  TO CALCU LA T E  THE D I F F ER E NC E  BETWEEN EX PENSE * 
* W I THOUT H E DG E  AND EX PENSE W I TH H EDGE . * 
* * 
********************************************************************* 
PROCEDURE CAL_O I F F ( I  : I N T EGER ; UARRAY : EX PARRAY ; HARRAY : EXPARRAY ; 
va r d i ff 1 output I :  expa r ra y ) ;  
beg i n  
D l  F F ( . I . )  : =  UARRAY( . ·1 . ) - HARRAY ( . I . ) ; 
e n d ; I * ca l _d i f f * I ! ****************************************************************** 
* - ' * 
* Th i s  FUNCT I ON I S  TO CALCU LAT E T H E  AV£ RAG E . . * 
* * 
****************************************************************** 
func t i on a ve ( t ota l : rea l ;  num l numbe r o f  hedge l :  i n tege r ) : rea l ; . 
beg i n  
a ve : =  t o t a l I num ; 
e nd ; l * a ve * I 
*************************************•**************************'****** 
* * 
* TH I S  FUNC T I ON I S  TO CALCULAT E T.H E  STANDARD DEV I AT I ON .  * 
* Va r ( X )  = ( X- E ( X ) ) � PROBAB I L I TY WH ERE  PROBAB I L I TY � · 1  I NUMBER * 
* s t d  d EV I AT I ON = SQRT ( VAR ( X ) ) .  OF  HEDGE * 
* * 
***********************�********************************************** 
FUNCT I ON S TOOEV ( NUM : I NT EGER ; M EAN : R EA L ;  X 
va r 
beg i n  
p rob 
i 
sum 
rea 1 ;  
i ntege r ;  
r e a  I ;  I * p roba b i l i ty * I * sub sc r i pt * l * suiUIIa t i n  * I 
l * ca l c u l a te the p roba b i l i ty * I 
p rob : =  1 I num ; 
s um : =  0 ; 
EX PARRAY ) : R EAL;  
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END;  
I * ca l cu l a �e the va r i a nce a nd i t s s t a nda rd de v i a t i on * f 
fo r i : = 1 to num d o  
SUM : =  SUM + SQR ( X( . I . ) - MEAN ) * PROB ; 
STDOEV : =  SQR T ( SUM ) ;  
1 * STOO£V * I 
*********** ********************************************************* 
* * 
* T h i s  p roced u re i s  to ca l cu l a te the ma rg i n  ca l l  d i s t r i bu t i on * 
* * 
************************************ ******************************** 
PROC E DUR E MARG I N_CALL_D I ST ( NUMCALL 
beg i n  
I f  N UMCA L L  > MAXCALL THEN 
N UMCAL L  : =  MAXCALL ; 
I NT EGER ) ; 
CAL L (  . N UMCALL . ) : =  CALL( . NUMCALL . )  + 1 ;  
end ; 1 * ma rg i n_ca l l _d i s t * I 
****************************************************�**************** 
* * 
* T h i s  PROC E DU R E  I S  T O  CALCULA T E  T H E  TOTAL COMM I S S I ON COST AND I N T . * 
* e xpen S E  ON MARG I N  ACCOUN T .  
. 
* 
* * 
********************************************************************* 
PROC E DURE CAL_T OTAL ( TOTCOMM , TOT I NT : R EAL;  
va r tota I : rea I ) ; · 
beg i n  
TOTAL : =  TOTCOMM + TOT I NT ;  
end ; I * ca l _ t o ta l * I 
********************************************************************** 
* * 
* Th i s  p ROC EDUR E I S  TO I N I T I AL I ZE  THE  ARRAY * 
* * 
***********************************************************•··�······· 
PROCEDU R E  I N I T l ( VAR AR : EXPARRAY ) ;  
va r i i n tege r ;  l * subsc r i p t  * I 
beg i n  
fOR I : =  1 TO MAX l DO 
AR ( . I • ) : = 0 • 0 ; 
END;  f * I N I T I AL I Z E l  * I 
1 ****************************************************************** 1 
PROCE DURE I N I T2 ( VAR AR : BAS I SARRAY ) ;  
VAR I I NT EGE R ; 
BEG I N  
FOR I : =  1 TO MAX2 DO 
AR ( . I • ) : = 0 .  0 ;  
END ; 
I ::::::::::�:::::::::::
·::::::::::::::::::::;:::::::::::::::;:::::::: I 
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beg i n  l ma i n  I 
I N  I T 1 ( EX P ) ;  
I N I T 1 ( EAR ) : 
I N  I T  1 ( TOT ) ;  . 
I N  I T  1 ( UARRAY ) ; 
I N I T 1 ( HARRA Y )  ; 
I N I T 1 ( O I F F ) ;  
1 * i n  i t  i a I i ze ca 1 I a r ra y  * l 
FOR A : =  0 TO MAXCALL DO 
CALL ( . A .  ) : = 0 ;  
I * beg f n n i ng rea d s  i n  the da ta * l 
R EADLN ( H EDG ELN ) ;  
R EADLN ( LAG ) ;  
R EADLN ( NUMCONT , B 1 , B2 ) ;  
R EADLN ( AMOUN T ) ;  
R EADLN ( COMMRAT E ) ;  
R EADLN ( OM , MM ) ;  
R EADLN ; 
R EADLN ( I NTRATE2 ) ;  
R EAD_CASH ( NUMCASH ) ;  
rea d_p r i me ( nump r i me ) ;  
rea d_ t b i l l  ( num row ) ; 
WR I T E LN ( '  ' : 1 6 ,  ' S I MU LA T E D  H EDG I NG COSTS AND RETURN S ' ) ;  
WR I T E LN ( ' ' : 1 6 , ' - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ' ) ; 
WR I T E LN 
WR I T E LN 
! * numbe r o f  l o t s  hedged w i l I be ca l cu l a �ed . * l 
CAL N UMH E DGE ( H EOGELN.  LAG , NUMROW, NUMH E DG E ) ;  
WR I T E LN ( ' NUMBER OF  LOT S  H E DGED I S  ' • NUMH EOG E : 1 0 ) ; . 
WR I T E LN ; 
WR I T E LN ; 
1 *  to ta l comm i s s i on w i  I I be c·o·mp u ted * l 
CAL_TOT_COMM ( NUMHEDGE . COMMRAT E ,  NUMCONT , TOTCOMM ) ;  
1 * i n i t i a l i ze to ta l va r i a b l e s to ze ro * I 
TOT I N T : =  0 ;  
TOT EARN : =  0 ;  
TOTU : =  0 ;  
lO TH : =  0 ;  
TOTD I F F : =  0 ;  
1 * I N I T I ALLY , ASSUME OR I G I NAL MARG I N  I S  THE MAX I MUM D E POS I T  , *
*
I 
{ *  AND Z ERO I S  THE MAX I MUM ORAWDOWN . J 
MAXDE P  : = OM; 
MAXWD : = 0 ;  1 *:. S TART T O  CALC U LAT E TH E I ND I V I DUAL I N T E R EST EXPE N S E , I N T ER E ST* ! 
. EAR N , CHANG� I N  I NT E R E ST EXPENSE  ON BORROWED HON EY W I T HOUT * 
H E pGE AND W I TH H E DG E ,  T H E  D I F F ER E NC E .  STORE EACH O F  T H E  * 
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l* E X P E N S E S  TO I T S CORR E S POND I NG ARRAY , ALSO COMPUTE T H E  TOTAL *
*
J 
l * SUM FOR EACH EXPEN SE S .  J 
EACHBAS l : =  AMOUNT * 8 1  * 0 . 000 1 * ( 90/360 ) ;  
EACHBAS2 : =  AMOUNT * 82 * 0 . 000 1 * ( 90/ 360 ) ;  
fo r z : =  1 to numhedge do 
beg i n  
I N I T2 ( C 1 ) ; 
I N  I T2 ( C2 ) ;  
I N  I T2 ( P ) ;  
S TAR T 1  : =  O ; END2 : =  0 ;  
I f  NUMCONT = 2 T H EN 
E LS E  
B EG I N  
POS2 : =  I NDEX ( . z .  ) ;  
START2 : =  1 ;  
S E LECT_AND_CALCHANGE ( POS2 , D ( . POS2 . ) . MON TH , D ( . POS2 . ) . YEAR , 
H E OG E LN , NUMPR I ME , EACHBAS2 , START2 , C2 , E ND2 , l l l , J J l , 
I 1 2 , J J 2 , MM 1 , MM2 ) ;  
POS l : = I NDEX( . Z+ l .  ) ; 
STAR T 1  : =  POS l - POS2 + 1 ;  
S E L ECT_AND_CALCHANGE ( POS l , D ( . POS 1 . ) . MONTH ,  D (  ·. POS 1 . ) . YEAR , 
H E DG E LN , NUMPR I ME , EACHBAS 1 , START 1 , C l , EN D 1 , 1 1 , � 1 , 1 2 , J 2 ,  
M l , M2 ) ;  
END 
I f  ( ( NUMCONT = 1 )  AND ( 8 1 <> 0 ) ) THEN 
B EG I N  
POS l : �  I NDEX( . Z+ l . ) ;  
STAR T2 : =  1 ;  
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S E LEC T_AND_CALCHANGE ( POS1 , D ( . PO S 1 . ) . MONTH , D ( . POS 1 . ) . YEAR , 
H EDGE LN , NUMPR I ME , EACHBAS 1 , STAR T2 , C 1 , END1 , 1 1 , J 1 , 1 2 , J 2 ,  
M l , M2 ) ;  
I l l : =  1 ;  J J 1 : =  1 ;  1 1 2 : =  1 ;  J J 2  : =  1 ;  
END 
ELSE  
I f  ( ( NUHCONT = 1 )  AND  ( 82 <> 0 ) ) TH EN . 
B EG I N  
POS2 : =  I ND EX ( . Z .  ) ;  
S TAR T2 : =  1 ;  
S E LECT_AND_CALCHANGE ( POS2 , D ( . POS2 . ) . MON TH , 
D (  . POS2 . ) . YEAR , HEDGELN , NUH PR I ME , EACHBAS2 , 
START2 , C2 , END1 , 1 1 1 , JJ 1 ,  1 1 2 , J J 2 , MM 1 , MM2 ) ; · · 
M.l : = MM 1 + LAG ; . M2 : =MM2 + LAG ; 
. 
1 1  : =  1 ;  J l · . : =  J ;  1 2  : =  1 ;  J 2  : =· 1 ;  
ENO ; . 
CALEX PENSE ( C l , C2 , S TART 1 , START2 , E N D 1 , E N D2 ,  I NTRATE2 , 0M , MM ,  
I NT ER E S T ,  I N T EARN , N UMCAL L ) ;  
TOT I N T : =  TOT I N T + I NT E R EST ; 
EX P ( . Z .  ) : :  I N T ER E S T ;  
TOTEAR N : =  TOT EARN + I NT EARN ; 
EAR ( . z . ) : =  I N T EARN ; 
CAL U ( M l , M2 , H E DGELN , AMOUNT , U ) ;  
TOTU · : =  TOTU + U ;  
UARRAY ( . z . ) : =  U ;  
CAL H ( 1 1 , J 1 , 1 2 , J 2 , 1 1 1 , JJ 1 ,  1 1 2 , JJ2 � U , NUMCONT ,  -B l , B2 , COMMRATE ,  I NT ER E ST , I NT EARN , H ) ;  
TOTH : =  TOTH + H ;  
HARRAY ( . Z . )  : =  H ;  
CAL D l f f ( Z , UARRAY, HARRAY , D i f f ) ; 
TOTO i f f  : =  TOTD I F F + D I F F ( . Z . ) ;  
MARG I N  CAL L  D I ST ( NUMCALL ) ; 
e nd ;  
- -
1 * a ve ra ge a nd . s ta nda rd dev i a t i on fo r each  o f  t he expe n se s  w i l l  * I 
1 * be ca l cu l a ted he re .  The re su l t s fo r e a c h  t o ta l a moun t ,  
1 * a ve rage a nd s ta nda rd d ev i a t i on w i l l  be p r i n t ed o u t . 
WR I T E LN ( '  ' : 3 0 ,  ' TOTAL ' , '  ' : 8 , ' AVE ' , '  ' : 5 , ' STO- DEV ' ) ;  
WR I T E LN ( 1  ' : 30 ,  ' - - - - - ' , '  ' : 8 , ' - - - ' , ' ' : 5 , ' - - - - - - - ' ) ; 
WR I T E LN 
WR I T E LN 
' COMM I SS I ON ' , '  ' : 1 5 , TOTCOMM : 1 0 : 2 ) ;  
AVE I N T : =  AVE ( TOT I NT ,  NUMHEDGE ) ;  
SD I N T : =  STOOEV ( NUMH E DGE , AVE I NT , EXP ) ;  
WR I T E LN ( '  I N T E R E ST EXPENS E ' , '  ' : 9 , TOT I NT : 1 0 : 2 ,  
AVE I N T : 1 1 : 2 , SD I N T : 1 2 : 2 ) ;  
WR I T E LN ; 
CAL_TOTA L  ( TOTCOMM , TOT I N T ,  TOTAL ) ;  
AVETOT : =  AVE ( TOTAL , NUMH EOGE ) ;  
fo r z : =  1 t o  n umhed ge do 
TOT ( . z . ) : =  EX P (  . z . ) + COMMRAT E * NUMCON T ;  
SOTOT : =  S T OOEV( NUMH E OGE , AVETOT , TOT ) ;  
WR I T E LN ( '  COMM & I N T EXP ' , '  ' : 1 1 , TOTAL : l 0 : 2 , AVETOT : 1 1 : 2 , 
S O  TOT : 1 2 :  2 )  ; 
WR I T E LN ; 
AV E EARN : =  AV E ( TOT EARN , NUMH E OGE ) ;  
SDEARN : =  STODEV( N UMHEOGE , AVE EARN , EAR ) ;  
WR I T E L N  ( '  I N T E R EST EARN ' , '  ' : 1 2 , TOT EARN : 1 0 : 2 ,  
AVE EARN : 1 1 : 2 , SDEARN : 1 2 : 2 ) ;  
WR I T ELN ; 
AVEU : =  AVE ( TOT U , NUHH EDG E ) ;  
SOU : =  STDDEV ( NUHH EDG E , AVE U , UARRAY ) ;  
WR I T E L N  ( '  O P P_COS T W/0 H E DG E  ' , TOTU : 1 4 : 2 ,  
AVEU : 1 1 : 2 , SDU : 1 2 : 2 ) ;  
WR I T E LN ; 
AVE H  : = AVE ( TOTH , N UHHEDG E ) ;  
SOH : =  STDDEV ( NUHH E DG E , AVEH , HARRAY ) ;  
WR I T E LN ( '  O P P_COST W I TH H EDG E ' , TOTH : 1 4 : 2 , 
AVE H : 1 1 : 2 , SDH : 1 2 : 2 ) ;  
WR I T E LN 
AVE O I F F : = AVE ( TOTO I F F , NUMH EDGE ) ; . 
SOO I F F : =  STDDEV ( NUMH EDGE � AVED i f f , O i f f ) ;  
WR I T E LN ( ' D I F F E R E NCE ' , ' ' : 1 0 , lOTO I F f : 1 5 : 2 ,  
AVEO I F F : 1 1 : 2 , SDD 1 F f : 1 2 : 2 ) ;  
WR I T E LN ; 
l *  p r i n t o u t  a ma rg i n  ca l l  d i s t r i bu t i on t a b l e  * I 
WR I T E L N  
WR I T E LN 
WR I T E LN l ' MARG I N  CALL PER H E DGE . . , I ' : NUMB E R  O f  H E DG E ' ) · WR I T E LN ( ' - - - - - - - - - - - - - - - - - - - - - - - - ' . � - - - - - - - - - - - - - - - - - ' ) ;  
FOR A : = 1 TO MAXCAL L  DO 
beg i n  
WR I T E ( I 
WR I T E LN ( '  
end ; 
I A · 3 t • I 
• • CALL(  . A .  ) : 3 ) ;  
t ) ; 
1 * p r i n t o u t  the ma x i mum depos i t  a nd d rawdown * I 
WR I T E LN ; . 
WR I T E LN ( 1 · MA >O MUM DRAWDOWN I S  ' , MAXDE P :  1 0 : 2 ) ;  
1 3 7  
WR I T E LN ( ' MAX I MUM W I T HDRAW I S  
e nd . I ma i n {  
# MAXWO : 1 0 : 2 ) ; 
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